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rastro-Intestinal Symptoms occur 
more frequently than any other symptom 
in patients over 40.” * 


When the vague complaints of the middle-aged and aging 
can be attributed to hypochlorhydria, chronic gastritis, and 
diminished gastric secretion, Gastron provides effective, palat- 
able replacement therapy... hydrochloric acid in therapeutic 


amount, plus all the gastric enzymes. 


THERAPEUTIC APPRAISAL: An 
acidified (pH 3.2 —4.0), aromatized ex- 
tract of the entire mucosa of hog's 
stomach including the pylorus. Gastron 
provides a physiologic mixture of all 
constituents of gastric secretion. One 
Gm. of Gastron will digest 150-200 Gm, 
of egg albumen. 


INDICATED in gastric hyposecretion: 
gastritis associated with achlorhydria;. 


Originated by 


anacidity and achylia in middle-age 
and aging; hypochlorhydria accom- 
panying food allergies and nutritional 
deficiencies. 

THE USUAL DOSE is 2 to 4 teaspoon- 
fuls diluted with 1 or 2 volumes of 
water, after meals. 

SUPPLIED in 6 ounce bottles for pre- 
scription use, 32 ounce bottles for 
dispensing. 


FAIRCHILD BROS. ann FOSTER 


Frederick Stea rn 


Division, 


DETROIT 31, MICHIGAN 


NEW YORK KANSAS CITY SAN FRANCISCO WINDSOR, ONTARIO SYDNEY, AUSTRALIA AUCKLAND, NEW ZEALAND 


*Kopelowitz. J. O.: J. Missours Se. M. A. 38:55, 194) Trade-Mark Gastron Reg. U.S. Pat. Off. 
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The combination of atropine-like spasmolytic action with morphine-like 
analgesic power makes Demerol particularly well suited for the relief of 


pain due to smooth muscle spasm. 


Average Adult Dose: 100 mg. administered by intramuscular injection — or 
when the attack is less severe, orally, beginning with 50 mg. and increasing 


to 150 mg. if necessary. 


Demerol is available for oral use in tablets of 50 mg., bottles of 25, 100 
and 1000 ; for intramuscular injection ampuls of 2 cc. (100 mg.), boxes of 6 


and 25, and vials of 30 cc. (50 mg. in 1 cc.). 
Literature sent to physicians on request. 


SUBJECT TO REGULATIONS OF THE FEDERAL BUREAU OF NARCOTICS 


Analgesic Spasmolylic Sedalive 


HYDROCHLORIDE 


Brand 


pecaine 
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WHENEVER 


MUST BE OVERCOME 


Impairment of fat digestion implies more than loss of available 
caloric food energy to the organism. It involves the failure of 
absorption of the fat-soluble vitamins A, D, E, and K, together 
with the development of deficiency manifestations. Particularly 
severe is vitamin K deficiency with prolongation of the pro- 
thrombin clotting time and the consequent hemorrhagic diathesis. 


Whenever impaired fat digestion must be corrected, Degalol is 
specifically indicated. Degalol—chemically pure deoxycholic acid, 
a normal constituent of human bile — represents the biliary 
component chiefly concerned with fat digestion and absorption. 
Its administration in small dosage virtually normalizes fat digestion 
within the small bowel when lipase is not deficient, and with it 
absorption of the fat-soluble vitamins D, E, and K, and carotene. 
It is especially valuable in correcting the hemorrhagic complica- 
tions of obstructive jaundice, where choleresis is undesirable. 
Degalol proves useful whenever impaired fat digestion is suspected, 
and particularly in the treatment of postprandial epigastric dis- 
tress and fat intolerance not associated with chronic gallbladder 


disease. Supplied in tablets of 114 gr., boxes of 100 and 500. 


U. S. PAT. OFF. 


Degalol 


CHEMICALLY PURE DEOXYCHOLIC ACID 


Riedel-de Haen 


DIVISION OF AMES COMPANY, INC. 


NEW YORK 13, N. Y. 
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‘‘He won’t come down 
till we promise to use D-P-T!”’ 


Precocious kid—to know why 
Cutter’s combined vaccine 
provides better protection. 


Practically everyone knows today that 

Cutter D-P-T offers three distinct advan- 

tages in protecting against diphtheria, 

pertussis and tetanus. 

1. Pertussis organisms in D-P-T are 
grown on human blood media. Each cc. 
contains 40 billion such organisms, all 
proved Phase I. 


. Diphtheria and tetanus toxoids are so 
purified that each cc. contains far more 
than a single human dose. 


. Extremely high pertussis count and 
purified seal yield a vaccine so con- 
centrated that your dosage schedule 
with D-P-T is only 0.5 cc., 1 cc., 1 cc. 
And protection is at least as great as 
when each antigen is given alone. 


Even more effective is D-P-T (Alhydrox). 
It presents less pain on injection than 
alum precipitated vaccines and also 
establishes better immunity levels. Per- 
sistent nodules and sterile abscesses are 
rare, rather than an expected contingency. 


If you haven't enjoyed the advantages 
of D-P-T in your practice, try it soon, 
won't you? 


Cutter Laboratories, Berkeley, California 
Chicago - New York 


Fine Biologicals and 
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Since the discovery of the microscope, years 
of research and patient effort have been spent 
in producing the modern magnificent instru- 
ment—a diagnostic aid and a guide to thera- 
peusis of recognized demonstrable superiority. 


In treatment of hypochromic (so-called “‘secondary’’) anemias 
Mol-Iron therapy—as compared to equivalent dosage of ferrous 
sulfate alone—achieves these strikingly superior clinical results: 


Normal hemoglobin values are restored more rapidly, 
increases in the rate of hemoglobin formation being as 
great as 100% or more in patients studied. 


Iron utilization is similarly more complete. 


Gastro-intestinal tolerance is excellent—even among 
patients who have previously shown marked gastro- 
intestinal reactions following oral administration of 
other iron preparations. 


White’s Mol-Iron is a specially processed, co-precipitated com- 
plex of molybdenum oxide 3 mg. (approx. 1/20 gr.) and fer- 
rous sulfate 195 mg. (3 gr.). : 


In bottles of 100 and 1000 tablets. 
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SYMBOL 


This unretouched photomicrograph depicts the pure, crystalline 
state in which all Penicillin-C.S.C. is now supplied. 


As a result of special processes of 
purification and crystallization, all Peni- 
cillin-C.S.C. is now supplied in the form 
of the highly purified, heat-stable Crys- 
talline Sodium Salt of Penicillin-C.S.C. 


Well Tolerated Subcutaneously 

In the crystalline state Penicillin Sodium- 
C.S.C. is so pure that it can be administered 
subcutaneously even in large doses with vir- 
tually no pain or danger of untoward reac- 
tions due to impurities. 


No Refrigeration Required 

Crystalline Penicillin Sodium-C.S.C. is so 
heat-stable that it can be kept at room tem- 
peratures, virtually indefinitely without losing 
its potency.* Itcan now be carried in the phy- 


*CAUTION: Once in solution, however, penicillin re- 
quires refrigeration. 


PURITY 


PENICILLIN 
SODIUM-C. S.C. 


sician’s bag or stored on the pharmacy shelf. 


Optimal Therapeutic Activity 

Because of its high potency per milligram, 
Crystalline Penicillin Sodium-C.S.C. exerts 
optimal therapeutic activity. A recent report 
shows the advantage of highly potent prep- 
arations. (Trumper, M., and Thompson, 
G. J.: Prolonging the Effects of Penicillin by 
Chilling, J.A.M.A. 730:628 [March 9] 1946). 


Potency Clearly Stated on Label 

The high state of purification achieved in 
Crystalline Penicillin Sodium-C.S.C. is indi- 
cated by its high potency per milligram. The 
number of units per milligram is stated on 
each vial, thus enabling the 

physician to know the de- 

gree of purification of the 

penicillin he is using. 


Crystalline Penicillin Sodium-C. S. C. is available in serum-type vials containing 100,000, 200,000, or 500,000 units 


PHARMACEUTICAL DIVISION 


(COMMERCIAL SOLVENTS 


200,000 UNITS 


Penicillin-C.S.C. is accepted by 
the Council on Pharmacy and 
Chemistry of the American 
Medical Association. 


17 East 42nd Street Coxporation New York 17, N. Y. 


Sodium SOM 


10 
7 
OF ‘ 
4 
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tract infections: 0.5 Gm. 
SULAMYD four times dail 
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rade. Mark U. S. Pat. Off. 
founge, P. A.: Urol. & Cutan. Rev. 49-422, 1945, 
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presents a convenient and effective means of rap- 
idly correcting hypochromic anemia and its asso- 
ciated muitiple itiorial deficiencies, whether 

y increased re- 


quirement or by blood loss. 


EACH CAPSULE CONTAINS: 


For the speedy correction of the anemia syndrome 
and its associated multiple nutritional deficiencies, 
iron alone is usually inadequate. A// the lacking es- 
sential nutrients must be supplied, by both diet and 
appropriate medication. 

Supplied in boxes of 50 and 100 capsules 


J. B. ROERIG & COMPANY 


536 Lake Shore Drive, Chicago 11, Illinois 
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Vitamin A (Fish-Liver 5,000 V.S.P. Units 

Vitamin D (Tuno-Liver Oil). 500 Units 
Vitamin Bi (Thiamine aydrochioridel 2 mg- 
Vitamin 2 mg- 

Vitamin Be (pyridoxine 0.1 
Calcium pontothenat©- 0.335 mg- 
10 mg- 
Together with Liver Concentrate (Vitamin fraction) 
derive? from 6.5 Gm. fresh liver and dried yeast 


/ 


ANEMIAS OF CHILDHOOD 


Nutritional anemia 
Idiopathic seborrhea 
von Jaksch’s syndrome 


— the combination of ferrous iron, unfractionated liver and B vitamins 
effects a more powerful hemopoietic action than any form of iron alone — 


HEPATINIC 


particularly suited for administration to children 
because of its pleasant flavor and easy administration— 
contains (per fluidounce): Ferrous sulfate 12 gr., 
Crude Liver Concentrate 60 gr., fortified to represent 
Thiamine Hydrochloride 2 mg., Riboflavin 4 mg., 
Niacinamide 20 mg., together with pyridoxine, 
pantothenic acid, choline, folic acid, vitamin Bio, 
vitamin By, biotin, inositol, para-aminobenzoic acid 
and other factors of the vitamin B complex as 


- readily assimilable form. 


found in crude (unfractionated) liver concentrate. 

The value of the crude (unfractionated) liver concen- 
trate in Hepatinic is of the highest order, for all the 
erythropoietic principles are retained. In addition, this 
unique liver is subjected 
to a special enzymatic 
digestion process which 
converts it to a most 


Tasting samples are 
available to all phy- 
sicians upon request. 


Elixir Hepatinic is supplied in bottles of one pint and one gallon 


McNEIL 


LABORATORIES, INC., 


PHILADELPHIA 32, 


PENNSYLVANIA 
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Antibacterial Activity 


of STREPTOMYCIN 


KEY TO PHOTOGRAPHS: « A. Escherichia coli 
B. Eberthella typhosa * C. B. proteus * D. Klebsiella pneumoniae 


E. Bacillus pyocyaneus * F. Mycobacterium tuberculosis 
The numerals indicate micrograms of Streptomycin per cc.of agar. 


HESE photographs shew the inhibitory action of increasing con- 

centrations of Streptomycin on a strain of six representative 
organisms in vitro. Inhibitory levels of concentration vary significantly URINARY TRACT INFECTIONS 
with different strains. 

Streptomycin exhibits a wide range of antibacterial activity in vitro 
and in vivo against both gram-positive and gram-negative organisms. gram-negative organisms 
Clinical results do not necessarily parallel in vitro activity or thera- 
peutic results in experimental animals. TULAREMIA 

In clinical practice, Streptomycin is especially interesting because of 
its effectiveness against susceptible gram-negative organisms. The MENINGITIS 
most noteworthy results to date have been obtained in the infections in 
listed at the right. due to Hemophilus influenzae 


due to susceptible 


Our production of Streptomycin is being rapidly expaiided. However, due ee Serene 
to the present shortage, Streptomycin was placed on allocation by the Civilian due to susceptible 
Production Administration effective March 1, 1946. At present, civilian 
distribution may be authorized only by Dr. Chester Keefer, Evans Memorial 
Hospital, Boston, Mass., Chairman of the Committee on Chemotherapeutics 
and Other Agents of the National Research Council. 


gram-negative organisms 


MERCK & €CO., Ince. Chemists RAHWAY, N. J. 
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improved treatment 


cory za 
sinusitis 

rhinitis 

nasal congestion 


*‘PROTHRICIN’ decongestant contains tyrothricin (0.02%), potent, nontoxic 
because: topical antibiotic with wider antibacterial scope than the sulfonamides; 
quicker, more prolonged local antibiotic action than penicillin; low surface 
tension; greater permeability and stability than penicillin. 


*PROTHRICIN’ decongestant maintains its antibacterial efficiency even in 
the presence of pus and mucus. 


*PROTHRICIN’ decongestant serves to re-establish normal intranasal function 
since it is isotonic, with a buffered pH of 5.5-6.5, does not impair normal in- 
tranasal physiologic processes, and does not interfere with ciliary activity. 


‘PROTHRICIN’ decongestant is clear and free-flowing, unlike intranasal sul- 
fonamide suspensions, and does not form mucosal crusts that may block 


drainage. 


‘Proturicin’ Antibiotic Nasal Decongestant also contains ‘Propadrine’ 
hydrochloride (1.5%), a highly efficient vasoconstrictor, notably free from 
undesirable side-effects of ephedrine and its analogs. 


Supplied in 1-ounce bottles with dropper assembly 


SHARP & DOHME, PHILADELPHIA I, PA. 
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PLEASANT 


COMFORTING 


Without any stimulation of the central nervous system whatever, Solu- 
tions “Tuamine Sulfate’ (2-Aminoheptane Sulfate, Lilly), when applied 
intranasally, produce long-lasting, uniform shrinkage of the nasal mucous 
membrane. Furthermore, Solutions “Tuamine Sulfate’ do not impair 
ciliary motility and there is no secondary vasodilatation. Solution “Tua- 
mine Sulfate,’ 1 percent, is intended for routine use and is the solution 
of choice for prescriptions. The 2 percent solution is supplied for applica- 
tion in the doctor’s office when a more intense effect may be desired. 


Solutions “Tuamine Sulfate’ are available at all prescription pharmacies. 


ELI LILLY AND COMPANY 


INDIANAPOLIS 6, INDIANA, U. S. A. 
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The Anticonvulsant Properties of Tridione’ 


Laboratory and Clinical Investigations 


Louts S. GOODMAN, M.D., JAMES E. P. TToMAN, PH.D. and Ewart A. SWINYARD, M.S. 


With the technical assistance of Corinne Manuel, Marshal Merkin and Mary Murata 


SALT LAKE CITY, UTAH 


RIDIONE, 3,5,5-trimethyloxazolidine- 
2, 4-dione, has recently been made 
available to physicians as a specific 
symptomatic therapy for petit mal epi- 
lepsy, and has been accepted by the 
Council on Pharmacy and Chemistry of the 
American Medical Association for inclusion 
in New and Nonofficial Remedies. ‘The drug 
was synthesized by Spielman*! and initially 
studied and reported as an analgesic 
agent.?°?8 Its pharmacological and anti- 
convulsant properties were described by 
Richards and Everett® and by us.!*!4" 
46:17) 20 “The earliest: observations 
on the specificity of Tridione in petit mal 
were made by Perlstein,?? and the most 
extensive clinical studies to date are those 
of Lennox.?"?? The field of usefulness of 
Tridione has also been extended to psycho- 
motor epilepsy.”?*?° Available evidence 
indicates that Tridione offers no advantage 
in the treatment of grand mal.??2%2736 
Preliminary observations have been made 
on its use in tetanus and status epilepti- 
cus,” 27/2935 in athetoses and in behavior 
disturbances in children.?*”° 
The following report is concerned with 


the laboratory analysis of Tridione* in 
comparison with other anticonvulsant drugs, 
and with the clinical results obtained in a 
selected group of patients with slow wave 
EEG dysrhythmias, particular attention 
being paid to the EEG criteria for the use 
of Tridione alone or in combination with 
other agents. This study is part of a program 
concerned with properties of experimental 
and clinical convulsive disorders and their 
therapy. Tridione has received particular 
attention because elucidation of its me- 
chanism of action in petit mal can yield 
considerable information on the nature of 
this disorder. New experimental methods 
reported here for analysis of anticonvulsant 
drugs may provide the basis for the dis- 
covery of agents which have higher ther- 
apeutic indices or greater specificity of 
action. 


TECHNICS AND MATERIAL 


I. LABORATORY sTuDIES. The following 
six laboratory indices were used for the 
analysis of Tridione and its comparison with 


* Generously supplied by Dr. R. K. Richards, Abbott 
Laboratories, North Chicago, Illinois. 


* From the Departments of Pharmacology and Physiology, University of Utah School of Medicine, Salt Lake 
City, Utah. Grateful acknowledgment for financial assistance is made to the Research Fund, University of Utah School 
of Medicine, and to The Abbott Laboratories, North Chicago, Illinois. 

+ Winthrop Research Fellow, Department of Pharmacology, University of Utah School of Medicine. 
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other agents. The first two are commonly 
accepted laboratory tests for the detection 
and assay of anticonvulsant drugs. The 
remaining four technics were devised in our 
laboratory to provide the basis for a more 
adequate comparison of such agents. 

1. Prevention of Metrazol Convulsions. A 
standard convulsant dose (CD,;) of metra- 
zol was determined for populations of mice 
and rats, and the convulsant dose of metra- 
zol was established in individual cats, rab- 
bits and monkeys. protective potencies 
of Tridione and other anticonvulsant drugs 
were then ascertained. 

2. Elevation of Normal Electroshock Seizure 
Threshold. Rats, rabbits, cats and monkeys 
were used. In most experiments, 60-cycle 
alternating current (Offner electroshock 
apparatus) and Spiegel corneal electrodes*® 
were employed. Threshold current for fixed 
duration of stimulus (usually 0.2 sec.) was 
determined in each individual animal which 
then served as its own control for the subse- 
quent study of anticonvulsant drugs. 

3. Elevation of Electroshock Threshold in 
Hydrated Animals. The effect of Tridione 
and other anticonvulsants was studied in 
rats in which the electroshock threshold had 
been lowered by brain cell hydration result- 
ing from extracellular electrolyte loss. ‘The 
details of the procedure and the value of 
the technic as a screening device for anti- 
convulsant have been described 
elsewhere. 

4. Modification of the Pattern of Maximal 
Electroshock Convulsions. In rats, rabbits 
and cats the pattern of the seizure elicited 
by electroshock current intensities several 
times the threshold was analyzed. The 
effects of Tridione and other agents on 
individual components of this pattern were 
then studied. The details of the technic and 
its value for the laboratory detection of 
anticonvulsant drugs have been presented 
elsewhere. ** 


5. Modification of Non-convulsive EEG Dis- 


drugs 
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charges Induced by Cortical Stimulation. Rab- 
bits were employed for these experiments. 
Aseptically implanted epidural electrodes 
were used for both stimulation and record- 
ing. Single condenser shocks were applied 
to one cerebral hemisphere while records 
were taken from the other. ‘Thresholds were 
determined both for contralateral move- 
ment and for the various components of 
the EEG discharge. The effects of Tridione 
and other drugs on the threshold for and 
character of these cortically induced dis- 
charges were then determined. The details 
of this technic have been briefly reported.*”*! 

6. Prevention of Metrazol-induced Petit Mal- 
like Cerebral Dysrhythmias. Rabbits with 
implanted epidural electrodes were used. 
The amount of metrazol, given either sub- 
cutaneously or by slow intravenous infusion, 
necessary to produce non-convulsive slow 
wave EEG dysrhythmia was determined 
both before and after administration of 
Tridione and other anticonvulsants. De- 
tails of the method have been described 
elsewhere. 

II. cLINIcCAL sTuDIEs. Eleven patients 
with clinical histories of seizures and slow 
wave EEG dysrhythmias were placed on 
Tridione therapy and followed carefully 
for a period of six months or longer. Special 
attention was paid to seizure incidence and 
character, Tridione toxicity, effect of with- 
drawal, influence of the drug and its with- 
drawal on the EEG, and efficacy of 
combined drug treatment. 


RESULTS 


I. ANTICONVULSANT EFFECTS 
IN ANIMALS 


1. Prevention of Metrazol Convulsions. In 
previous we have com- 
mented on the remarkable pharmacological 
antagonism between ‘Tridione and metra- 
zol. The quantitative features of this an- 
tagonism may be briefly summarized here. 
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In all species tested (mice, rats, rabbits, cats, 
monkeys), a dose of Tridione smaller than 
that required to cause obvious neurological 
depression is capable of preventing com- 
pletely all central excitatory effects of a dose 
of metrazol convuisant in 95 per cent of 
control animals (CD). Doses of Tridione 
causing minimal central depression are 
capable of protecting against approximately 
two CD’S. When still larger doses of 
Tridione are employed, several multiples 
of the CD of metrazol may be injected 
without evidence of central effects, the 
quantitative relationship being as follows 
(rats, rabbits, cats): Protection is afforded 
against approximately seven CD’s of metra- 
zol by each Gm. of Tridione per kg. of 
body weight. ‘To emphasize the magnitude 
of this protection, it may be observed that 
barbiturates in equivalent neurological doses 
provide only approximately one-half this 
degree of protection. In single doses, 
diphenylhydantoin is ineffective against 
metrazol.'*'® We have also found that 
Tridione affords protection against picro- 
toxin, strychnine, and Coramine (mice, 
rats, cats), but the antagonism against 
these convulsants is not as great as that 
against metrazol. 

Cats and rabbits. were given equally 
depressant doses of phenobarbital and 
Tridione. Their neurological status and 
EEG’s were then continuously examined 
during and subsequent to injection of 
metrazol. The ‘Tridione-treated animals 
could be restored to normal by metrazol, 
but the phenobarbital-treated animals could 
not be similarly restored by any amount of 
metrazol up to and including that produc- 
ing seizures. 

The duration of action of single large 
doses of Tridione was determined in rats, 
rabbits, catsand monkeys. Protection against 
metrazol persisted for more than seventy- 
two hours. It was found that 30 per cent of 
the initial protection remained at twenty- 
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four hours (rats, rabbits). The persistence 
of Tridione action is longer than that of 
phenobarbital. 

2. Elevation of Normal Electroshock Seizure 
Threshold. Monkeys, rabbits, cats and rats 
were employed for this standard laboratory 
test. In ‘Table 1 are presented typical data 
obtained in rats. Tridione and _pheno- 
barbital contrast sharply with diphenyl- 
hydantoin in that the latter is not able to 
elevate significantly the normal electro- 
shock threshold. Tridione appears to be 
somewhat more effective than phenobar- 
bital with respect to this index. The results 
obtained in monkeys, cats and rabbits 
paralleled those for rats. 


TABLE I 
EFFECT OF ANTI-EPILEPTIC DRUGS ON NORMAL 
THRESHOLD FOR ELECTROSHOCK SEIZURES 
IN RATS 


Electroshock 

Threshold * 
in m.a. 


(Mean + S.E.) 


Per Cent 
Increase 
_|in Thresh- 
old (Mean 
+ S.E.) 


Thresh- 
Initial old 
Control after 
Drug 


. |28+0.29 
31+1.61/38+1.58/20.6+3.81 
30+2.60/30+2.24| 1.7+2.7 


Diphenylhydantoin. . . 


* 0.2 sec. stimulus duration. 


It has been our consistent experience 
that anticonvulsant drugs administered in 
non-depressant doses either do not elevate 
the normal electroshock threshold (di- 
phenylhydantoin) or do so only to a limited 
degree (Tridione, 
34,40:43 Tn no species has it been possible to 
demonstrate that diphenylhydantoin signi- 
ficantly elevates the threshold for electro- 
shock seizures. This has been found equally 
true both with 60-cycle alternating current 
stimulation of brief (0.2 sec.) or long 
(10 sec.) duration, and with the interrupted 
direct current method originally described 
by Putnam and Merritt.”> Although the 


| | 
| | | 
no. | >| 
: Mg./ | 
Rats 
| Lp. | 
| 
Phenobarbital.......| 15 | 4 
| 
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character of the seizures could be modified 
by diphenylhydantoin, EEG evidence of 
convulsive discharge and overt evidence 
of post-ictal depression persisted well beyond 
the period of stimulation. With the long 
periods of stimulation customarily used by 
other investigators, we have consistently 
found that animals treated with diphenyl- 
hydantoin nevertheless exhibit overt seizures 
during the stimulation period whenever the 
control electroshock threshold has been ex- 
ceeded. The effect of the drug is to decrease 
the total duration of the convulsion during 
the period of prolonged stimulation rather 
than to elevate the seizure threshold itself. 
Such a seizure is masked by the continued 
passage of the stimulating current and the 
resulting refractoriness is itself sufficient to 
leave a true increase of about 100 per cent 
in seizure threshold when tests are made at 
five-minute intervals. This explains the 
apparent increase in threshold found by 
other investigators who used _ prolonged 
stimulation and failed to record seizures 
unless they persisted beyond the stimulus 
period. 

The above observations and analysis per- 
mit the conclusion that agents clinically 
effective against convulsive disorders need 
not be capable of elevating normal seizure 
threshold. It is widely accepted that clinical 
seizures are due to abnormally lowered 
thresholds, although such data as are avail- 
able are not in agreement.'”'*?> In sharp 
contrast to the inability of diphenylhydan- 
toin to elevate the normal seizure threshold 
is its ability to raise the experimentally 
lowered seizure threshold. On the basis of 
this and other evidence, it has been sug- 
gested by us that this particular drug is 
clinically effective either by raising ab- 
normally lowered seizure thresholds or by 
preventing maximal interneuronal facilita- 
tion or both.'® 4% 

3. Elevation of Electroshock Threshold Ex- 
perimentally Lowered by Brain Cell Hydration. 
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In the course of a study of the influence of 
brain electrolyte and water distribution on 
convulsive threshold, the technic of Darrow 
and Yannet was employed in rats to deplete 
extracellular electrolyte without loss of total 
body water. The resulting hydration of 
brain cells is accompanied by a considerable 
decrease in threshold for electroshock and 
metrazol seizures. It has been found that 
the above phenomenon provides a simple 
quantitative technic for the laboratory 
assay of potentially useful anti-convulsant 
drugs. The details of these experiments 
have been reported elsewhere.*”***° 

Table m1 summarizes the ability of Tridi- 
one, phenobarbital and diphenylhydantoin 
to elevate the experimentally lowered elec- 
troshock threshold. Tridione and pheno- 
barbital are approximately equally effective, 
whereas diphenylhydantoin is less so. Again 
it may be emphasized that although di- 
phenylhydantoin is unable significantly to 
alter the normal electroshock threshold, it 
is capable of elevating the experimentally 
lowered threshold. 

TABLE 

EFFECT OF TRIDIONE, PHENOBARBITAL AND DIPHENYL- 


HYDANTOIN ON ELECTROSHOCK THRESHOLD LOWERED 
BY CELLULAR HYDRATION 


Electroshock | 
Thresholdt | Per 
m.a. (Mean + S.E.) | Cent 
| In- 
| crease 
in Hy- 
dration 
Thresh- 
old 
| | (Mean 


Con- | 
| Drug | 


No. | Dose* 
of | Mg. 
Rats) Kg. 


4 Hr. after i.p. 


Glucose 


Tridione | 12 | 400 

Phenobarbital......| 12 | 45 

Diphenylhydantoin.| 10 | 50 
| | | | | 


* Given i.p. except for diphenylhydantoin, s.c. 
+ 0.2 sec. stimulus duration. 


4. Modification of the Pattern of Maximal 
Electroshock Convulsions. It has previously 
been reported by us***?4% that seizures 
produced in rats, rabbits and cats by 
electroshock intensities not far above thresh- 


AMERICAN JOURNAL OF MEDICINE 


2 
.) 
: 


Tridione—Goodman et al. 


EFFECT OF TRIDIONE ON MAXIMAL 
ELECTROSHOCK CONVULSIONS 


w 


SEIZURE DURATION, SECONDS 
S 


L i 


Wil = TONIC FLEXOR 
= TONIC EXTENSOR 
O = cLonus 


L=LATENT PERIOD 
C= CONTROL 
T = TRIDIONE 


Fic. 1. Schematic representation of the effect of 
Tridione on maximal electroshock seizures in rabbits. 
Current intensity, 300 m.a.; stimulus duration, 0.2 
sec. Protective doses (see text) of Tridione abolish 
the extensor component of the tonic phase (middle 
column). Larger doses abolish the entire tonic phase. 


old are relatively constant in duration and 
are characterized by a relatively invariable 
motor pattern. In brief, the seizure pattern 
consists of an initial short tonic flexor com- 
ponent, a prolonged tonic extensor com- 
ponent, and a short terminal clonic phase, 
sometimes absent. Evidence has been ad- 
duced to indicate that the above described 
seizure: pattern represents maximal inter- 
neuronal facilitation. The physiological 
properties of such maximal seizures and 
their modification by drugs have been 

A number of anti-convulsant drugs are 
capable of altering the pattern of maximal 
seizures in experimental animals. A con- 
venient end point for the comparison of 
anti-convulsant potencies has proved to be 
the abolition of the hindlimb tonic extensor 
component. By dividing the minimal toxic 
dose (that required to produce minimal 
signs of central impairment) by the pro- 
tective dose (that required to abolish the 
hindlimb tonic extensor component), a 
protective index is obtained which makes 
possible a comparison of various drugs. To 
date, the drug ranking highest by this index 
is N-methyl-5,5-phenylethylhydantoin- 
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Fic. 2. The effect of diphenylhydantoin dosage on 
the pattern of maximal electroshock seizures in rab- 
bits. Current intensity, 300 m.a.; stimulus duration, 
0.2 sec. L=latent period. T = toxic dose. The barred, 
solid black and clear segments of the vertical columns 
represent tonic flexor component, tonic extensor com- 
ponent and clonic phase of the maximal convulsion, 
respectively. Observe the effect of increasing doses on 
serzure duration and pattern. 


ate.*'33 Of the better known clinically 
employed agents, diphenylhydantoin, 
phenobarbital and ‘Tridione rank in the 
order named.** Bromide is less effective and 
glutamic acid is completely without activity. 
It has been shown by us that glutamic acid 
exhibits no anti-convulsant potency by any 
laboratory procedure yet devised." 
TABLE III 


RELATIVE ABILITY OF ANTI-CONVULSANT DRUGS TO MODIFY 
MAXIMAL ELECTROSHOCK SEIZURES IN RABBITS * 


Protec- 


tive 
Index 
(I = 
T/P) 


10 Tridione 
27 Phenobarbital 
47 Diphenylhydantoin 


* 300 m.a., 0.2 sec. (5 times threshold current). 

P = dose required to abolish tonic extensor compo- 
nent of seizure in 50% of rabbits. 

T = dose required to produce minimal signs of central 
impairment (ataxia, deficit in contact placing 
reaction, drowsiness, etc.). 


Figures 1 and 2 illustrate the modification 
of the maximal seizure pattern by Tridione 


and diphenylhydantoin, respectively. The 


* Kindly supplied by S. M. Fossel of the Sandoz 
Chemical Works, Inc. 
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TRIDIONE=™=METRAZOL ANTAGONISM 
SPONTANEOUS EEG IN RABBITS 


CONTROL 


TRIDIONE 


D 


Fic. 3. Spontaneous EEG of the rabbit: Tridione-metrazol antagonism. A, B and C, control. D, E and F, after 
Tridione i.p., 700 mg./kg. Time and amplitude (as shown in A): horizontal line indicates one second; 
vertical line, 100 microvolts. EEG recorded from epidural electrodes, transoccipital (upper tracing in each 


pair) and transfrontal (lower). 


A, control EEG without medication. Low voltage fast activity. B, episodic slow dysrhythmia in occipital 
lead after metrazol, 10 mg./kg. by slow i.v. infusion. C, almost continuous diffuse dysrhythmia after 
metrazol, 4 mg./kg., prior to overt serzure. D, irregular delta activity with spindles in motor lead (‘‘sleep”’ 
EEG) af: + Tridione. £, occasional slow-wave episode after metrazol, 85 mg./kg. EEG otherwise normal. 
F, almost continuous diffuse dysrhythmia after metrazol, 110 mg./kg. This series illustrates the specificity 
of the Tridione-metrazol antagonism and the degree of protection afforded by Tridione against subconvulsive 


metrazol dysrhythmia. 


comparative potencies of ‘Tridione, di- 
phenylhydantoin and phenobarbital in rab- 
bits are given in Table 1m. Similar data 
have been obtained for rats and cats** and 
for man.*® 

5. Modification of Non-convulsive EEG Dis- 
charges Induced by Cortical Stimulation. Vari- 
ous EEG effects of phenobarbital and other 
barbiturates have been described. 
others: We have found that Tridione and 
phenobarbital do not significantly affect 


the EEG in monkeys, rabbits and cats 
when given in doses less than those pro- 
ducing minimal signs of neurological de- 
pression. In larger doses, the typical EEG 
alteration is characterized by bursts of fast 
waves with intervening irregular slow wave 
activity typical of normal sleep. In con- 
trast, diphenylhydantoin failed to cause 
EEG signs of sedation, even in toxic doses. 
The effect of Tridione on the human EEG 
is described later. 
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A more accurate analysis of cortical 
electrical activity has been made possible by 
recording the secondary cortical discharges 
following contralateral cortical stimulation 
with single condenser shocks. These dis- 
charges are closely related to the spontane- 
ous electrical activity of the cortex at all 
stages of excitation and depression, but 
have the advantage of greater reproduci- 
bility.*7** When doses were employed 
which produce neurological depression, the 
effect of ‘Tridione and phenobarbital on the 
discharge pattern was essentially that de- 
scribed above for spontaneous EEG activity, 
namely, the production of a ‘“‘sleep record.” 
Smaller doses were without influence on the 
pattern of the evoked discharges. However, 
Tridione and phenobarbital in non-toxic 
doses moderately elevated the threshold 
for such evoked cortical discharges. In con- 
trast, diphenylhydantoin even in toxic doses 
neither elevated threshold nor modified dis- 
charge pattern. Tridione and phenobarbital 
also prevented the typical modification in 
cortical discharge pattern produced by sub- 
convulsant doses of metrazol. ‘Tridione was 
twice as effective as phenobarbital in this 
respect, whereas diphenylhydantoin was 
inactive. The results are illustrated in 
Figure 3. 

6. Prevention of Metrazol-induced Petit Mal- 
like Cerebral Dysrhythmias. Subconvulsant 
doses of metrazol given to rabbits subcu- 
taneously or by slow intravenous infusion 
have been found by us to evoke spontaneous 
brief episodes of high amplitude, regular 
slow wave activity, with occasional alter- 
nating spike components but not accom- 
panied by an overt seizure.*® These 
discharges resemble in many respec*s the 
subclinical dysrhythmic episodes 1ound in 
patients with petit mal. The dose of metra- 
zol required for production of such dis- 
charges was found to be increased by 
Tridione (Fig. 4) and phenobarbital, but 
not by diphenylhydantoin. In equivalent 
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non-depressant doses, ‘T'ridione was approxi- 
mately twice as effective as phenobarbital. 
Spike-dome dysrhythmia produced by flu- 
oroacetate in dogs is also specifically 
prevented by Tridione.”* 


II. CLINICAL STUDIES 


Therapy of Convulsive Disorders. Eleven 
patients with slow wave EEG discharges 
and clinical seizures resembling petit mal 
were selected for Tridione therapy and 
study. The age and sex distribution of the 
patients, the various EEG types and the 
clinical results obtained with Tridione are 
shown in Table tv. 

In all four patients with history of petit 
mal only and with a pure petit mal EEG 
(J. W., E.. J. IC), complete 
clinical remissions were obtained. In two 
additional patients with petit mal EEG 
but with histories of both grand mal and 
petit mal (L. K., D. L.), both types of 
seizures disappeared under Tridione ther- 
apy. Complete remission was also obtained 
in one patient (W. S.) with atypical petit 
mal seizures accompanied by a clonic type 
of EEG discharge. 

In the remaining four patients, all of 
whom had psychomotor as well as other 
EEG dysrhythmias, Tridione alone was 
inadequate to control seizures, although 
petit mal attacks were abolished in two 
(P. M., A. T.). At the present time one 
patient (R. C.) shows a_- substantially 
greater reduction in petit mal attacks under 
treatment with phenobarbital and diphenyl- 
hydantoin than with Tridione. Two indi- 
viduals (A. T., A. A.) are completely 
controlled on Tridione and diphenylhydan- 
toin. The remaining patient (P. M.) shows 
substantial improvement on Tridione and 
phenobarbital. 

During complete clinical remission as a 
result of Tridione, the EEG was re-ex- 
amined in four patients who originally had 
a pure petit mal type of dysrhythmia. Not 
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TRIDIONE ME TRAZOL ANTAGONISM 
EVOKED EEG IN RABBITS 


CONTROL TRIDIONE 


1 SEC 


Fic. 4. EEG dischargee evoked by cortical stimulation in the rabbit: Tridione-metrazol 
antagonism. Dots indicate polarization artifact following condenser shocks (50 micro- 
seconds) applied to left hemisphere through epidural electrodes. EEG recorded from opposite 
hemisphere. Upward deflection indicates motor area electronegative to indifferent electrode. 
Time and amplitude as shown. 

A-E, control. F—J, after Tridione i.p., 400 mg./kg. A and F, shock polarization artifact 
only (10 volts). B and G, surface-negative component of evoked discharge. Threshold 20 
volts in control (B), 25 volts after Tridione (G). c and H, same as above plus long repeti- 
tive component elicited by increased voltage. ‘Light sleep”’ type of record, rare in control but 
predominant after Tridione. Threshold 30 volts in control (c), 40 volts after Tridione (#). 
D and 1, briefer repetitive component characteristic of waking state, normally present in 
control (D); present after Tridione when 80 mg./kg. of metrazol had been administered 
subcutaneously (1). Threshold in both p and 1, 30 volts. & and J, prolonged slow repetitive 
“‘metrazol’’ discharge following 40 mg./kg. of metrazol in control (E) and 130 mg./kg. 
of metrazol after Tridione (3). Threshold in both © and }, 15 volts. This series illustrates 
the quantitatively greater ability of Tridione to protect against metrazol than to elevate 
electrical thresholds. 


only was the spontaneous EEG found to be 
normal, but it was now impossible to pro- 
duce a petit mal discharge by means of the 
standard hyperventilation test. (Fig. 5.) 
Tridione failed to abolish the psychomotor 
type of dysrhythmia in three patients in 


whom it was possible to re-examine the 
EEG, despite the complete or nearly com- 
plete clinical remission of all seizure types 
in two of these individuals. In patient A. A., 
the “petit mal variant” dysrhythmia (classi- 
fied in Table tv as grand mal) was unaltered. 
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TABLE IV 
TRIDIONE THERAPY OF PETIT MAL 


Control Period 


Patient, Age and 
Sex 


Seizures per Week 


Tridione Therapy 


Seizures per Week Other 


PS 


GM 


Drug 
Added 


PM PS 


< 


Donnooodo 


N 


P = Phenobarbital R = Rare 


D = Diphenylhydantoin 
G = Glutamic acid 
* = No Tridione 


Tridione was withdrawn in four patients 
(J. W., E. H., D. L., W. S.) after complete 
clinical remission for at least two months. 
Seizures returned within one to sixteen 
days. Tridione therapy was resumed when 
the seizure rate reached fifteen per week, 
representing a period of one to five weeks 
without medication, and clinical remissions 
were again induced. Although we have not 
as yet observed the reported prolonged 
freedom from seizures following ‘Tridione 
withdrawal,*””* possibly because our pati- 
ents had not been in clinical remission for a 
sufficiently long period of time, we have 
confirmed the observation that Tridione 
medication may be stopped abruptly with- 
out danger of a sudden return of frequent 
seizures or of “‘status epilepticus,” differing 
in this important respect especially from 
phenobarbital. 

In at least five patients the attack rate 
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N = Normal 
t Case histories given in the text 
{t = Tonic head component 


Petit mal 
Psychomotor 
Grand mal 
Photophobia 
Sedation 


was sharply increased the first day of 
Tridione therapy. (Figs. 6, 7, and 8.) In one 
patient (E. H.) who remained under close 
clinical and EEG observation during the 
hours immediately before and after initial 
Tridione administration, it is thought that 
the drug itself caused the temporary ex- 
acerbation of seizures, but the mechanism 
is not obvious. In two of the remaining four 
patients it is possible that the withdrawal 
of phenobarbital when Tridione therapy 
was started may have been a major cause 
of the increased seizure rate. It is also possi- 
ble that the temporary exacerbation is more 
apparent than real. Inasmuch as both 
patients and parents, with understandable 
anxiety, are much more observant when 
any new therapy is instituted, mild seizures 
may have been recorded which ordinarily 
were overlooked during the control period. 
Perhaps the emotional stress of being 
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EEG BEFORE (A) AND AFTER (8) TRIDIONE 


| 


Fic. 5. Petit mal EEGs of two patients (7. W., 
E. H.) with histories of pykno-epilepsy. Time and 
amplitude as indicated. A-before, and B-after Tridione 
medication. Electrode placement: In each patr of trac- 
ings, the upper and lower leads are left occipital to 
parietal and right occipital to parietal, respectively. 
Before Tridione, both patients exhibited typical 3 
per sec. spike-dome dysrhythmia early in the course of 
the standard hyperventilation test. During clinical 
remission there was a complete absence of petit mal 
dysrhythmia in both patients even after a double 
hyperventilation test. 


O.. JACE iS YR 


PETIT MAL 
PER DAY 


20) 


}= GRAND MAL PSM. 

Fic. 7. Seizure rate before and after Tridione therapy 
in patient D. L. with a history of pykno-epilepsy as- 
sociated with occasional grand mal attacks. Case 
details are presented in the text. Note the increase in 
petit mal seizures during first day of medication and 
adequate control of both types of seizures by Tridione 
alone. The exacerbation on the fourteenth day may 
have been due to paregoric; that on the thirty-erghth, to 
alcohol. The psychomotor attack on the sixty-ninth 
day was questionable. 


and weight determined the initial dosage 
schedules but adjustments were frequently 
necessary on the basis of clinical response. 
In no instance were seizures brought under 
complete control in less than three days. 
Once the attacks had ceased entirely for 
several weeks, it was found possible in 


under close observation was also a factor in _ several cases to maintain complete remission 
the transient exacerbation of seizures. on doses lower than those necessary for 

Doses of Tridione varied from 0.3 Gm. _ initial medication. (Figs. 6 and 8.) Oc- 
per day to 2.1 Gm. per day. In general, age 


4 E.H. AGE 9 YR. g 
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Fic. 6. Seizure rate before and after Tridione therapy 
in patient E. H. with a history of pykno-epilepsy and 
pure petit mal EEG. Details of the case are presented 
in the text and the EEG is shown in Figure 5. Note 


the increase in seizures during the first day of medica- 


tion and the rapidity with which clinical remission en- 
sued. A few mild seizures occurred during temporary 
omission of drug on the forty-fifth day and during an 
upper respiratory infection on the seventy-sixth day. 
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Fic. 8. Seizure before and after Tridione therapy in 
patient J. W. with a history of pykno-epilepsy for five 
years and with a pure petit mal EEG (see Figure 5). 
Note the increase in seizures during the first two days 
of Tridione medication, the inadequate control of 
attacks by insufficient dosage, the ultimate clinical 
remission and the final reduction in dosage without 
interruption of the remission. 
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casional escape from Tridione control of 
seizures was usually accountable for by 
intercurrent illness, unprescribed omission 
of the drug, etc. 

Toxic side-effects from Tridione similar 
to those observed by others*?”?*?7 were 
frequent but not sufficiently troublesome 
to require interruption of treatment. Only 
four of the eleven patients reported com- 
plete freedom from side-actions. Five com- 
plained of photophcia and glare especially 
in bright light. Colored glasses frequently 
had to be worn. At the height of their 
photophobia, two patients noted transient 
inability to see objects distinctly. By adjust- 
ment of dosage, it was usually possible to 
decrease the visual disturbance without 
return of seizures. Sedation necessitated 
reduction in dosage in only two patients, 
but transient drowsiness was experienced by 
others, particularly early in the course of 
treatment. Should Tridione prove effective 
in petit mal only in doses producing seda- 
tion, the concomitant use of central stimu- 
lants (amphetamine, desoxyephedrine, etc.) 
may overcome the drowsiness without de- 
creasing the anticonvulsant action.?’ The 
combined use of phenobarbital and amphe- 
tamine in grand mal lends precedent for 
this suggestion. A transient mild morbilli- 
form rash with slight fever occurred in one 
patient, but disappeared promptly upon 
withholding ‘Tridione and did not recur 
when the drug was cautiously resumed. One 
patient* not reported in this series experi- 
enced severe dermatitis, fever, headache, 
diarrhea, nausea and vomiting shortly after 
the initiation of Tridione therapy. The 
drug was immediately stopped and symp- 
toms cleared, but reappeared upon resump- 
tion of Tridione. The petit mal was not 
improved and further therapy was not 
attempted. 

The following brief case reports are 

* We are indebted to Dr. S. S. Kauvar of Denver, 
Colorado for the clinical data on this patient. 
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illustrative of the use of Tridione in petit mal 
and in patients with mixed seizure types: 


CASE REPORTS 


Case E. H. A nine-year old girl had pykno- 
epilepsy for one and one-half years unassociated 
with other seizure types. There was no relevant 
family history or record of illness or injury. 
Physical and laboratory examinations were 
entirely negative. Diphenylhydantoin therapy 
was ineffectual. 

Seizure rate was 200 per week over a three 
months’ control period of observation. 

On three separate occasions, EEG examina- 
tion showed diffuse symmetrical paroxysmal 
petit mal dysrhythmia occurring spontaneously 
and after brief hyperventilation. (Fig. 5.) EEG’s 
of the father and three sisters were normal. 

Tridione therapy was started at the dose level 
of 0.6 Gm. per day. An initial increase in num- 
ber of attacks occurred during the first twenty- 
four hours but the seizure rate was reduced to 
zero by the fourth day of treatment. (Fig. 6.) In 
this patient it is believed that the temporary 
exacerbation of seizures was due to the drug 
itself. Complete clinical remission continued 
uninterrupted except for brief intervals, (upper 
respiratory infection, temporary omission of 
medication, etc.). The EEG was re-examined 
during clinical remission and found to be 
normal (Fig. 5), even vigorous hyperventilation 
(two periods of hyperventilation lasting two 
minutes each with a minute of rest intervening) 
failing to elicit dysrhythmia. No side-effects 
were noted except mild sedation which dis- 
appeared upon adjustment of dosage. After 
absence of seizures for two months, Tridione 
was temporarily withheld. The EEG remained 
normal during the first week and freedom from 
clinical seizures persisted for ten days. Occa- 
sional mild attacks then occurred. Tridione was 
again administered three weeks after with- 
drawal and complete clinical remission quickly 
ensued. 

CasEvD.L. A fifteen-year old boy had pykno- 
epilepsy for four years with associated grand mal 
for seven months. The average petit mal attack 
rate was 175 per week; grand mal, two per 
week. Family history was negative except for 
migraine. Rapid skeletal growth and occipital 
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headaches were associated with the onset of 
grand mal but physical and laboratory examina- 
tion were entirely negative. Phenobarbital and 
diphenylhydantoin, alone and combined, gave 
no relief from petit mal but may have reduced 
somewhat the grand mal attack rate. 

EEG examination revealed diffuse sym- 
metrical paroxysmal petit mal dysrhythmia 
occurring spontaneously and after brief hyper- 
ventilation. EEG’s of the mother and sister were 
normal. 

Tridione therapy was started at the dose level 
of 1.2 Gm. per day. An increase in seizure rate 
(from 25 to 85 per day) occurred during the first 
twenty-four hours, but the petit mal seizure rate 
was reduced to zero by the ninth day. (Fig. 7.) 
Complete clinical remission of petit mal con- 
tinued without interruption except for three 
brief intervals, two of which were known to 
coincide with unprescribed ingestion of drugs 
(paregoric, alcohol). Grand mal was also con- 
siderably benefited by Tridione alone, the 
seizure rate being reduced from two per week to 
only one attack in a period of over six months. 
One questionable psychomotor seizure also 
occurred. 

The EEG was re-examined during clinical 
remission and found to be normal, even after 
vigorous hyperventilation. No toxic side-effect; 
were observed other than moderate photo- 
phobia, controlled when troublesome by wear- 
ing colored glasses. 

After three months of Tridione therapy, the 
drug was withdrawn. Freedom from clinical 
seizures continued for sixteen days at which time 
occasional mild petit mal but not grand mal 
recurred. Tridione was again administered five 
weeks after withdrawal, and complete clinical 
remission was restored in one week. 

Case A. A. A twenty-seven-year old female 
had a long history of seizures dating back to the 
age of three when attacks diagnosed as petit mal 
were first observed. Falling seizures without 
convulsions started at the age of six. Grand mal 
appeared at the age of thirteen and a particu- 
larly severe and prolonged grand mal episode 
at this time was followed by left-sided hemi- 
plegia which cleared slowly over a period of 
five months. The patient was _ periodically 
studied at several neurological clinics. Com- 
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plete roentgenographic examinations including 
pneumo-encephalograms were negative. EEG 
examination elsewhere disclosed focal right 
parietal dysrhythmia of an unstated type in 
addition to a diffuse dysrhythmia, also un- 
described. Physical examination was negative 
except for some residual weakness and slight 
atrophy of the left extremities. A variety of 
medications had been employed. When first 
seen by us the patient was on diphenylhydantoin 
and a modified ketogenic diet. Seizures clinically 
resembling petit mal were occurring at the rate 
of ten per week. Grand mal attacks averaged one 
per week. The family history was negative. 

Diphenylhydantoin was discontinued, and 
an EEG examination performed four days later 
revealed diffuse high amplitude slow wave 
dysrhythmia (5 per sec.) and paroxysmal focal 
dysrhythmia ( 2 per sec. spike and slow wave, 
“petit mal variant’) in the right parietal 
region. Hyperventilation did not modify the 
EEG and did not elicit a typical petit mal 
dysrhythmia. 

Tridione therapy was started at the dose level 
of 1.2 Gm. per day, and diphenylhydantoin 
was not resumed. The grand mal attack rate 
increased to five per day by the sixth day. The 
attacks were severe and followed by prolonged 
confusion and drowsiness. Petit mal was not 
significantly altered. Diphenylhydantoin was 
immediately resumed at the former dose level 
(0.3 Gm. per day) and the Tridione increased 
to 1.5 Gm. per day. Despite this regimen, 
drowsiness, disorientation, and agitated de- 
pression became so severe that the patient was 
hospitalized. The possibility of a toxic (drug) 
psychosis was entertained and Tridione was 
discontinued. EEG examination at this time 
was similar to that seen initially. However, 
slow but complete clearing of the psychosis 
concomitant with disappearance of grand mal 
over a period of two weeks and resumption of 
Tridione without untoward effect made the 
diagnosis of a toxic psychosis unlikely. It is 
believed that the acute psychotic episode was 
directly attributable to the withdrawal of di- 
phenylhydantoin and the resulting marked 
exacerbation of the grand mal. After several 
adjustments of dosage schedule, the patient 
became free of all types of seizures on diphenyl- 
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hydantoin (0.2 Gm. per day) and Tridione 
(0.6 Gm. per day). No untoward reactions to 
Tridione were observed. 

The experience in this case indicates che 
difficulties which may be encountered in a 
patient with mixed seizure types when medi- 
cation for grand mal is suddenly replaced by 
Tridione alone. 


COMMENTS 


Until the introduction of Tridione there 
was no adequate therapy for petit mal. 
Phenobarbital and diphenylhydantoin af- 
forded partial relief in a small number of 
cases and an occasional patient responded 
to amphetamine or caffeine. More fre- 
quently, medication with bromide, pheno- 
barbital or diphenylhydantoin either af- 
forded no relief or exacerbated the seizures. 
Other barbiturates and glutamic acid were 
likewise ineffective. Inasmuch as approxi- 
mately 45 per cent of the nearly 800,000 
epileptics in the United States have petit 
mal and approximately 8 per cent have 
petit mal unaccompanied by other forms 
of seizures,”° the discovery of Tridione as a 
specific agent in the symptomatic treatment 
of the petit mal triad represents an impor- 
tant therapeutic advance. 

The results of the laboratory investiga- 
tions presented above indicate that Tridione 
has unique pharmacological properties as 
an anti-convulsant, especialy when com- 
pared with diphenylhydantoin and pheno- 
barbital. ‘Tridione but not diphenylhydan- 
toin specifically antagonizes the convulsant 
effects of metrazol, raises the threshold for 
petit mal-like slow wave EEG dysrhythmias 
induced by metrazol, elevates the threshold 
for evoked cortical discharges and raises the 
normal electroshock seizure threshold. ‘Tri- 
dione is inferior to diphenylhydantoin in 
ability to alter the pattern of maximal 
electroshock convulsions, and superior to 
it in ability to elevate electroshock seizure 
threshold lowered by cellular hydration. 
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Tridione is not significantly different from 
phenobarbital with regard to indices in- 
volving electrical seizure thresholds, but is 
approximately twice as effective with regard 
to antagonizing the convulsant and sub- 
convulsant EEG effects of metrazol. It is 
inferior to phenobarbital in ability to 
alter the pattern of maximal electroshock 
convulsions. 

Of all the indices examined, the antago- 
nism to metrazol represents the most striking 
anticonvulsant property of Tridione. Per- 
haps the specificity of Tridione in the 
therapy of petit mal may be elucidated by 
a better understanding of the mechanism 
involved in the metrazol-Tridione antago- 
nism. To this end, experiments are being 
conducted which include studies of the 
electrolyte and enzymatic effects of these 
two drugs. Finally, on the basis of the 
animal experiments, it is suggested that 
metrazol is the best antidotal therapy for 
Tridione overdosage, the incidence of which 
may increase with the growing clinical 
use of Tridione. 

In general, the clinical results obtained 
by us are in agreement with those reported 
by others. Particularly instructive is the 
finding that preliminary EEG examination 
provides a sounder basis than the clinical 
history of seizure type for deciding whether 
Tridione should be used, either alone or in 
combination with other drugs. 

The exacerbation of petit mal seizures 
observed during the first twenty-four hours 
of Tridione therapy has not been reported 
previously to our knowledge. Possible ex- 
planations for this phenomenon have been 
presented. 

A remarkable feature of Tridione therapy 
of petit mal, observed by others?”** and 
confirmed by us, is the fact that once com- 
plete clinical remission has been obtained, 
it is impossible to evoke a petit mal EEG 
discharge even by strenuous hyperventila- 
tion. (Fig. 5.) Freedom from petit mal 
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attacks may persist for days or weeks after 
cessation of Tridione medication,?”** that 
is, for a period of time considerably beyond 
the chemical persistence of the drug in the 
body.** It is of interest to note that the 
salutary effect on the petit mal EEG has 
been observed within a few hours after 
intravenous Tridione administration." 


Toxic effects from ‘Tridione include 


drowsiness, confusion, and tremor; photo- 
phobia, disturbances in color vision, and 


scotomas; dermatitis; and, very rarely, 
blood dyscrasia.*7 Sedation and_photo- 
phobia are the most common side-actions 
and ordinarily do not necessitate cessation 
of medication. Tridione should be with- 
drawn promptly upon the occurrence of 
dermatitis, scotomas, anemia or leucopenia. 

In the light of our own clinical experience 
and that reported in the literature, tenta- 
tive recommendations for therapy of petit 
mal may be made, as follows: 

1. If a patient has a clinical history of 
petit mal only and also a pure petit mal 
EEG, Tridione alone constitutes the best 
possible therapy. Complete cessation of 
seizures may be anticipated. Transient ex- 
acerbation of seizures by Tridione during 
the first twenty-four hours is not a con- 
traindication to its use. 

2. If a patient has a clinical history of 
petit mal and petit mal EEG but also has 
occasional grand mal for which therapy is 
not being administered, ‘Tridione alone may 
be adequate to control both the petit mal 
and grand mal. 

3. Ifa patient has both a petit mal history 
and petit mal EEG and also has grand mal 
which is under therapeutic control, Tridione 
medication should be added for the purpose 
of controlling the petit mal. Grand mal 
medication, particularly phenobarbital, 
should not be withdrawn when Tridione is 
started. If such withdrawal is contemplated, 
it should not be attempted until the petit 
mal has been under control for several 
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months. Either diphenylhydantoin or phe- 
nobarbital may be prescribed for grand mal 
in conjunction with Tridione for petit mal, 
the evidence to date being insufficient to 
warrant a preference. 

4. Ifa patient has both a petit mal history 
and petit mal EEG but in addition has a 
psychomotor EEG (high amplitude regular 
4 to 6 per sec. discharge) and is not under 
medication, Tridione alone may decrease 
the seizure rate, but the result may not be 
as good as that obtained with a combination 
of Tridione and diphenylhydantoin. Cases 
reported in the literature*** would indicate 
that if a patient has both psychomotor 
seizures and a psychomotor EEG and is not 
adequately controlled by diphenylhydan- 
toin, the addition of Tridione may bring 
about more satisfactory clinical remission. 
If the patient is not on therapy, Tridione 
may be employed alone, but diphenyl- 
hydantoin may have to be added subse- 
quently. It has been our experience that 
clinical improvement may not be paral- 
leled by improvement in the psychomotor 
EEG. 

5. If a patient has a ‘“‘petit mal variant” 
type of EEG, phenobarbital or diphenyl- 
hydantoin is probably superior to Tridione. 
Tridione may be added if there is clinical 
evidence of petit mal seizures. 

6. Tridione is a new drug. Clinical ex- 
perience with it is as yet limited. It is 
capable of causing toxic effects, some of 
which are serious. Therefore, Tridione 
should be employed only in cases exhibiting 
clear indications for its use. Patients receiv- 
ing Tridione should be under close medical 
surveillance. 


SUMMARY AND CONCLUSIONS 


1. The anti-convulsant properties of ‘Tri- 
dione have been compared in animals with 
those of diphenylhydantoin and_pheno- 
barbital by six different laboratory tech- 
nics. Of all the results obtained, the marked 
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antagonism to metrazol is the property 
which most sharply distinguishes Tridione 
from both diphenylhydantoin and pheno- 
barbital. Of particular significance in rela- 
tion to the known specificity of Tridione 
against petit mal is its ability to abolish the 
petit mal-like EEG dysrhythmia produced 
in animals by metrazol. 

2. On the basis of EEG and clinical 
study of a selected group of patients with 
slow wave dysrhythmias, specific recom- 
mendations have been advanced for the 
clinical use of Tridione alone or in com- 
bination with other drugs. 

3. A sharp rise in seizure rate may be 
observed in petit mal patients during the 
first twenty-four hours of ‘Tridione therapy. 
This transient exacerbation is not a contra- 
indication to the drug, and may be followed 
by complete clinical remission. 

4. It has been confirmed that even vigor- 
ous hyperventilation fails to evoke petit mal 
EEG dysrhythmias once complete freedom 
from seizures has been obtained. Restoration 
of the EEG to normal is added evidence 
for the specificity of ‘Tridione in petit mal. 

5. Although freedom from seizures may 
continue for days or weeks after discontinua- 
tion of Tridione, it is suggested that with- 
drawal should not be attempted until the 
patient has been seizure-free for many 
months. However, abrupt cessation of 
Tridione medication does not entail the 
danger of “‘status epilepticus.” 

6. Drug treatment for associated grand 
mal should not be stopped when Tridione 
therapy for petit mal is initiated. 

7. If psychomotor EEG dysrhythmia is 
associated with a petit mal history, di- 
phenylhydantoin combined with Tridione 
is probably the treatment of choice. An 
occasional patient may respond well to 
Tridione alone, even though the psycho- 
motor EEG is not significantly altered. 

8. Toxic side-effects to Tridione include 
sedation, visual sensitivity to bright light 
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and occasionally dermatitis. As a rule, unto- 
ward reactions are not troublesome to the 
point of necessitating cessation of medica- 
tion. Yet the occurrence of photophobia is 
a definite disadvantage, and the search for 
effective drugs lacking this property should 
continue. 

9. Preliminary EEG ‘examination pro- 
vides a sounder basis than clinical history 
of seizure type for deciding whether Tri- 
dione should be used, alone or in combina- 
tion with other agents. 

10. Tridione is a new drug and conse- 
quently several years may be required for a 
final estimate of its clinical status. Never- 
theless, it is unexcelled to date as a specific 
symptomatic therapy for petit mal. Elucida- 
tion of its mechanism of action should 
provide insight into the pathological physi- 
ology of convulsive disorders of the petit 
mal type. 


REFERENCES 


. Brazier, M. A. B. and FinesincErR, J. E. Action of 
barbiturates on the cerebral cortex: electroen- 
cephalographic studies. Arch. Neurol. & Psychiat., 
53: 51-58, 1945. 

. CHENOWETH, M. B: and Giitman, A. Pharmacology 
of fluoroacetate. Fed. Proc., 5: 171, 1946. 

. CHENOWETH, M. B. and Giiman, A. Personal com- 
munication. 

. Crark, S. L. and Warp, J. W. Electioencephalo- 
grams of different cortical regions of normal and 
anesthetized cats. 7. Neurophysiol., 8: 99-112, 1945. 

. DeJonc, R. N. Effect of Tridione in the control of 
psychomotor attacks. 7. A. M. A., 130: 565-567, 
1946. 

. A. J., REMPEL, B., Fores, A. and 
LAMBERT, E. F. The effects of anesthetics on action 
potentials in the cerebral cortex of the cat. Am. 
J. Physiol., 116: 577-596, 1936. 

. Erickson, T. C. and Masten, M. G. Cited by 
Richards and Everett.’ 

. Everett, G. M. and Ricuarps, R. K. Comparative 
anticonvulsive action of 3,5,5-trimethyloxazoli- 
dine-2,4-dione (Tridione), dilantin and pheno- 
barbital. 7. Pharmacol. G Exper. Therap., 81: 
402-407, 1944. 

. Forses, A. and Morison, B. R. Cortical response to 
sensory stimulation under deep barbiturate narco- 
sis. 7. Neurophysiol., 2: 112-128, 1939. 

. GARCIADIEGO, J., CHAVEZ, F. N. and ALcALpE, S. O. 
Aplicaciones del electro-choque como método de 
investigacién y diagnostico en los epilépticos. 
Arch. de Neurol. y Psiquiat. de Mexico, 7: 117-128, 
1944, 


1 
4 
5 
6 
8 
9 
10 


228 


11. 


12 


. Goopman, L. 


Gisss, F. A. Cited by Richards and Everett.?’ 

GoopmMan, L. and Lin, B. Effect of dilantin on 
metrazol convulsions. 7. Pharmacol. G Exper. 
Therap., 72: 18, 1941. 

GoopMaAN, L. and + MANUEL, CorRINNE. The 
anticonvulsant properties of dimethyl-N-methy]- 
barbituric acid and 3,5,5-trimethyloxazolidine-2,- 
4-dione (Tridione). Fed. Proc., 4: 119-120, 1945. 


. Goopman, L. S., Swinyarp, E. A. and Toman, J. E. 


P. Laboratory technics for the identification and 
evaluation of potentially antiepileptic drugs. 
Proc. Am. Fed. Clin. Res., 2: 100-101, 1945. 

S., Swinyarp, E. A. and Toman, 
J. E. P. Further studies on the anticonvulsant 
properties of Tridione (3,5,5-trimethyloxazoli- 
dine-2,4-dione). Fed. Proc., 5: 179, 1946. 


. Goopman, L. S., Swinyarb, E. A. and Toman, J. E. 


P. Studies on the anticonvulsant properties of 
diphenylhydantoin. Fed. Proc., 5: 180, 1946. 


7. Goopman, L., Swinyarp, E. A. and Toman, J. E. P. 


A comparison of the effects of 1 (+) glutamic acid 
and other agents on experimental seizures. Arch. 
Neurol. & Psychiat., 1946. (In press.) 


. Goopman, L. and Toman, J. E. P. Experimental 


indices for comparing the efficacy of compounds 
with anticonvulsant and antiepileptic properties. 
Fed. Proc., 4: 120, 1945. 


. Kartinowsky, L. B. and KENNEpy, F. Observations 


in electric shock therapy applied to problems in 
epilepsy. 7. Nerv. @ Ment. Dis., 98: 56-67, 1943. 


. Lennox, W. G. Science and Seizures; New light on 


Epilepsy and Migraine. New York, 1941. Harper 
and Brothers. 


. Lennox, W. G. The treatment of epilepsy. MM. Clin. 


North America, 29: 1114-1128, 1945. 


. Lennox, W. G. The petit mal epilepsies; their treat- 


ment with Tridione. 7. A. M. A., 129: 1069-1074, 
1945. 


. PenrreLp, W. and Erickson, T. C. Epilepsy and 


Cerebral Localization. Springfield, Ill., 1941. 
Charles C Thomas. 


. Peritsterin, M. A. and ANDELMAN, M. B. Tridione: 


its use in convulsive and related disorders. 7. 
Pediat., in press. 


. Putnam, T. J. and Merritt, H. H. Experimental 


determination of the anticonvulsant properties 
of some phenyl] derivatives. Science, 85: 525-526, 
1937. 


. Ricuarps, R. K. and Everett, G. M. Analgesic and 


anticonvulsive properties of 3,5,5-trimethyloxazo- 
lidine-2,4-dione (Tridione). Fed. Proc., 3: 39, 1944. 


7. RicHarps, R. K. and Everett, G. M. Tridione: a 


new anticonvulsant drug. (To be published.) 


28. RicHaArRpDs, R. K., Everett, G. M. and PickRELL, 


K. E. Pharmacological properties of Tridione with 


Tridione—Goodman et al. 


special reference to its analgesic action. Anesth. @ 
Analges., in press. 


. RicHARDs, R. K. and Perustein, M. A. Tridione, a 


new drug for the treatment of convulsive and 
related disorders. Proc. Chicago Neurol. Soc., 
January 9, 1945. Arch. Neurol. G& Psychiat., 55: 
164, 1946. 


. SpreceLt, E. A. Quantitative determination of the 


convulsive reactivity by electrical stimulation of 
the brain with the skull intact. 7. Lab. @ Clin. 
Med., 22: 1274-1276, 1937. 


. SprELMAN, M. A. Some analgesic agents derived 


from oxazolidine-2, 4-dione. 7. Am. Chem. Soc., 
66: 1244-1245, 1944. 


. SwinyarpD, E. A. The effect of experimentally 


altered brain electrolyte patterns and water con- 
tent on threshold for convulsive seizures. (To be 
published.) 


. Swinyarp, E. A. and Goopman, L. S. Laboratory 


assay of anticonvulsant potency of some hy- 
dantoinates. Fed. Proc., 5: 205-206, 1946. 


. SwinyarD, E. A., Toman, J. E. P. and Goopman, 


L. S. The effects of cellular hydration on experi- 
mental electroshock convulsions. 7. Neurophysiol, 
9: 47-54, 1946. 


. Swinyarp, E. A., Toman, J. E. P. and Goopman, 


L. S. The effects of body water and electrolyte 
shifts on experimental convulsions. Fed. Proc., 
5: 205, 1946. 


. THorNE, F. C. The anticonvulsant action of Tridi- 


one: Preliminary report. Psychiatric Quart., 19: 
686, 1945. 


. Toman, J. E. P. Cortical responses to cortical stimu- 


lation in relation to the spontaneous EEG of the 
rabbit. Fed. Proc., 4: 72, 1945. 


. Toman, J. E. P., Goopman, L. S. and Swinyarp, 


E. A. Observations on the central excitatory 
effects of metrazol. Fed. Proc., 5: 208, 1946. 


. Toman, J. E. P., Loewe, S. and Goopman, L. S. The 


effect of anticonvulsant drugs on electroshock 
seizures in man. (To be published.) 


. Toman, J. E. P. and Swinyard, E. A. Some proper- 


ties of experimental electroshock seizures. Proc. Am. 
Fed. Clin. Res., 2: 98-99, 1945. 


. Toman, J. E. P. and Swinyarp, E. A. A comparison 


of time relations in convulsive and non-convulsive 
responses to cortical stimulation. Fed. Proc., 5: 
105, 1946. 


. Toman, J. E. P., Swinyarp, E. A. and GoopMAN, 


L. S. Some properties of maximal electroshock 
seizures. Fed. Proc., 5: 105, 1946. 


. Toman, J. E. P., Swinyarp, E. A. and Goopman, L. 


S. Properties of maximal seizures, and their 
alteration by anticonvulsant drugs and other 
agents. 7. Neurophysiol., 9: 231-239, 1946. 


AMERICAN JOURNAL OF MEDICINE 


2 
5 
| 


Effects of Total Pancreatectomy ina 
Patient with Diabetes’ 


Henry T. RICKETTS, M.D., 
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and 


KATHRYN KNOWLTON, PH.D. 


CHICAGO, ILLINOIS 


E wish to report physiologic and 
metabolic observations on a com- 
pletely pancreatectomized man.* 


The patient, already diabetic enough to re- 
quire considerable amounts of insulin, had 
a carcinoma of the pancreas and underwent 
resection of that organ, together with the 
entire duodenum, spleen and left adrenal, 
all but a fragment of the stomach and most 
of the omentum. He recovered sufficiently 
to be up and about his room, but died some 
fourteen weeks after operation with re- 
currence of the neoplasm. Autopsy failed to 
reveal any residual pancreatic tissue. 


CASE REPORT 


F. W., No. 328218, an unemployed white 
male, aged fifty-two, was first admitted to the 
Albert Merritt Billings Hospital February 24, 
1944, with the chief complaint of diarrhea of 
two years’ duration. The diagnosis of sprue had 
been made, but treatment directed against this 
disease had been relatively ineffective. Nine 
months before admission, with the onset of 
polyuria, thirst and voracious appetite, the blood 
sugar had been found to be elevated and the 
diagnosis of diabetes had been made, but the 
patient had refused to take insulin. He had lost 
approximately fifty pounds in the preceding 
two years. His father had had diabetes and his 


* This case has been reported in preliminary form 
elsewhere.*® The surgical aspects have been described 
by Brunschwig, Ricketts, and Bigelow. 


mother and maternal grandfather had died -of 
carcinoma. 

On physical examination, the patient was 
emaciated: height 188.6 cm. (74 in.), weight 
55.5 kg. (122 Ib.). Temperature, pulse and 
respiration were normal. The skin and mucous 
membranes were dry. The tongue was coated, 
but showed no atrophy. The thyroid was palpa- 
ble but not definitely enlarged. The heart and 
lungs appeared normal. The blood pressure was 
114/70. A sharp liver edge was barely palpable. 
The spleen was not enlarged. No abdominal 
masses were felt, and rectal examination re- 
vealed nothing abnormal. 

Laboratory findings were reported as follows: 
Hemoglobin 13 Gm. per 100 ml.; red blood cells 
4,380,000 per cu. mm.; white blood cells 
9,000; differential count normal. The urine con- 
tained 4 plus sugar and a trace of acetone but 
was otherwise normal. The fasting blood sugar 
was 363, cholesterol 147, total lipids 800, cal- 
cium 9.6 mg. per 100 ml.; carbon dioxide 30.5, 
chlorides 93.4 and sodium 133 mM. per liter. 
The plasma proteins were 6.05 Gm. per 100 ml. 
(albumin 3.69, globulin 2.36). The value for 
serum amylase was 68 units. The stools were 
liquid to mushy, had a cheesy odor, were acid 
to litmus and contained an excess of fat and un- 
digested food particles. Cultures reyealed Micro- 
coccus psilosis but no other pathogens, and no 
ova or vegetative forms of Entameba histolytica 
were found. A histamine test of gastric secretion 
showed a maximum of 60 clinical units at fifty 
minutes. X-rays of the esophagus, stomach and 


* From the Departments of Medicine and Surgery and the Frank Billings Medical Clinic, School of Medicine, The 
University of Chicago. 
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duodenal bulb were normal. The basal metab- 
olic rate was — 19 per cent. 

Because of the patient’s emaciation and vora- 
cious appetite, he was given a high-caloric diet 
which, during March, consisted of C 701, P 102 
and F 99. With protamine zinc insulin, 35 units, 
and crystalline insulin, 10 units per day, the 
blood sugars varied from 102 fasting to 268 mg. 
per cent in the afternoon, and the twenty-four- 
hour excretion of glucose ranged from 8 to 15 
Gm. Diarrhea continued and the feces con- 
tained an excess of fat and nitrogen. During the 
latter part of March, the patient developed 
marked pitting edema of the feet and ankles, for 
which no cause could be found except an in- 
creased capillary fragility as demonstrated by 
the tourniquet test.* For three weeks during 
April, the patient consumed a diet of C 900, 
P 225, F 100 (5,400 calories), requiring 60 units 
of protamine zinc and 40 units of crystalline 
insulin daily. He was still hungry. From May 
3rd to 12th, the diet was C 398, P 200, F 12 
(glucose equivalent 500 Gm.), the total insulin 
dose varied from 40 to 65 units per day and the 
blood sugars ranged from 87 fasting to 273 mg. 
per cent in the afternoon, with the excretion of 
6 Gm. or less of sugar per twenty-four hours. 
There were occasional insulin reactions. Ab- 
dominal pain, chiefly hypogastric. but sometimes 
epigastric, occurred from time to time and was 
occasionally severe. The diagnosis was thought 
to be chronic pancreatitis, producing diabetes 
and diarrhea. Carcinoma of the pancreas was 
considered, but was deemed unlikely in view of 
the two-year history and the remarkable gain in 
weight during treatment. The patient was dis- 
charged May 14th weighing 72.4 kg. (159 Ib.), 
which represented a gain of 16.7 kg. (36.7 lb.) 
in eleven weeks. 

During the summer, the patient was followed 
in the clinic. In July, he complained of severe 
pain in the right upper quadrant, lasting for 
three days with an exacerbation of diarrhea. In 
August he developed jaundice, clay-colored 
stools, dark urine and pruritus. 

He was readmitted to the hospital August 


* A similar edema was observed in another patient 
with well controlled diabetes and pancreatic steatorrhea 
when he was placed on a very high carbohydrate diet. 
The phenomenon may be related to a high glycogen 
content of the skin. 
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29th. The weight was 68.2 kg. (150 Ib.). Phy- 
sical examination revealed no new findings ex- 
cept the jaundice and a more easily palpable 
liver. There were no abdominal masses. On a 
diet of C 400, P 200, F 35, and with from 55 to 
80 units of insulin per day, glycosuria was satis- 
factorily controlled. Laparotomy performed 
September 7th (A. B.) revealed a carcinoma of 
the pancreas with extensive infiltration of the 
neighboring organs and tissues. Total extirpa- 
tion of the pancreas, duodenum, spleen and left 
adrenal, together with all but a fragment of the 
stomach and a large portion of the omentum, 
was performed. Examination of the pathologic 
specimen showed the midportion of the body 


’ and tail of the pancreas to be replaced by car- 


cinoma which, on microscopic study, was found 
to be of the duct cell type. Many of the islets in 
the remainder of the pancreas showed changes 
consistent with ordinary diabetes mellitus (Dr. 
George Gomori). (Fig. 1.) 

The postoperative course was remarkably un- 
eventful, nutrition being maintained by par- 
enteral glucose and Amigen,* and glucosuria 
being kept within reasonable limits (8 to 32 Gm. 
per day) with from 30 to 100 units of insulin 
per day. During this period and thereafter until 
shortly before death the patient received by par- 
enteral injection 10 mg. of Synkavitet daily, 
and 2 cc. of Betalinet and 2 cc. of Cenolate§ 
every second day. Feeding by mouth was begun 
on the ninth day and was well tolerated. On 
September 22nd, fifteen days after operation, 
the patient was up in a chair. For three months 
after this date special studies, which will be 
described presently, were carried out. The di- 
arrhea was definitely more severe than before 
operation and the patient lost weight to about 
56 kg. (123 lb.) during the first five weeks. The 
weight was then maintained at this level until 
two weeks before death. When the diet was kept 
at C 400, P 100 and F 12 (glucose equivalent 

* A 5% solution of a pancreatic hydrolysate of casein 
with 5 per cent dextrose (Mead Johnson). 

7 2-methyl-1, 4 naphthohydroquinone diphosphoric 
ester tetra sodium salt; high vitamin K_ activity 
(Hoffmann-LaRoche). 

$2 cc. ampule contains 10 mg. thiamin chloride, 
4 mg. riboflavin, 150 mg. nicotinamide, 5 mg. panto- 
thenic acid, 10 mg. pyridoxine hydrochloride (Lilly). 


§ 2 cc. ampule contains ascorbic acid, 0.100 Gm. as 
sodium salt (Abbott). 
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Fic. 1. A, a large island consisting almost exclusively of alpha cells and containing only a small number 
of beta cells (dark). Magnification X 115. B, ‘“‘ribbon type” islets. Magnification X 115. c, normal islets 
from a non-diabetic patient, showing many beta cells (dark) Magnification X 115. Description of the 
pathology of the islands of Langerhans (Dr. George Gomori): With ordinary stains the overwhelming 
majority of the islands look entirely normal except for an increase in size. An occasional islet shows hyalinosis. 
In addition there are a large number of ‘“‘ribbon type” islets (W. G. MacCallum, Am. 7. M. Sc., 133: 
432, 1907), many of which show thickened connective tissue stroma. Specific stains (G. Gomori, Am. 7. 
Path., 17: 395, 1941) show an extremely small number of beta cells, most of the islets being composed 
of over 90 per cent alpha cells. The granulation of the remaining beta cells seems to be normal. The alpha 
cells are large and richly granulated. In the ‘‘ribbon type’’ islets the cells are either agranular and unrecog- 


nizable as to type or contain a small number of normal appearing beta cells and very few alpha cells. 


457 Gm.), glycosuria varied from 0 to 36 Gm. in 
twenty-four hours with a daily insulin dose of 
from 30 to 60 units, averaging about 40 units. 
By October 9th, jaundice was no longer visible 
and the liver was not palpable. On October 10th 
the Van den Bergh test of the serum showed 1.8 
mg. per cent direct and 2.8 indirect of bilirubin 
with an icteric index of 19; a bromsulphalein 
test of liver function (dose, 5 mg./kg.) resulted 
in 36 per cent retention in 20 minutes. On 
October 24th, the values for the Van den Bergh 
test were 1.2 direct and 1.7 indirect, the icteric 
index being 11. On October 31st, with a dose 
of 2 mg./kg., there was 40 per cent retention of 
bromsulphalein in five minutes and no retention 
in thirty minutes. About October 17th, a tumor 
mass was palpable in the region of the incision. 
This grew steadily and about November 20th 
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abdominal pain recurred with increasing se- 
verity, requiring opiates. The patient developed 
anorexia and appeared to be going downhill 
rapidly. On December 4th all insulin was with- 
drawn for three days. On December 12th insulin 
was withheld permanently and the patient died 
December 18th in typical diabetic coma. 

Autopsy was performed by Dr. S. D. Wu on 
December 18th, approximately five and one- 
half hours after death. An abstract of the patho- 
logic report follows: 

. The body is that of a markedly emaciated, 
icteric adult male, weighing 33.2 kg. (73 lb.) 
and measuring 167 cm. (67 in.) in length. The 
body is virtually skin over bones . . . The pri- 
mary incision reveals practically no subcuta- 
neous fat in the anterior abdominal wall. The 
peritoneal surfaces are thoroughly studded 


B 
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everywhere with large numbers of grayish white 
and firm tumor nodules, averaging .5 cm. or so 
in diameter. These are more especially numerous 
in the anterior parietal peritoneum, the fascia 
and muscles to just beneath the skin. They are 
also numerous on the under surfaces of the dia- 
phragm and in-the omentum. Most of the 
stomach, all of the duodenum and the spleen 
are missing. . . . The heart weighs 280 Gm. 
and is normal in shape and size, only it is 
jaundiced. . . . The aorta and coronary ar- 
teries show the usual degree of atherosclerosis. 
. . . The liver weighs 1,520 Gm. and shows a 
number of small tumor nodules scattered about 
in the capsule. The organ is icteric. The gall- 
bladder is normal. The common bile duct is 
dilated, though not now obviously obstructed. 
. . . The pancreas as such is completely miss- 
ing as far as can be judged by gross examination. 
In the region of the organ is a large and oblong 
piece of firm fibrous tissue with tumor imbedded 
in it. Serial sections of this reveal no grossly rec- 
ognizable pancreas. . . . The remaining small 
segment of stomach, together with the lower end 
of the esophagus, is anastomosed to the upper 
jejunum. . . . In the middle jejunum there is a 
side to side entero-enterostomy. More distally in 
the jejunum the wall of the intestine is anasto- 
mosed to the much dilated common bile duct. 
All these anastomoses are healed, but bordered 
by neoplastic tissue. The duodenum is missing 
and there is a blind end at the site of the 
duodenojejunal junction. The intestinal serosa 
contains many tumor nodules throughout both 
the small and the large intestines. The right 
adrenal is normal. The left is not identified. 
Both kidneys together weigh 390 Gm. and are 
swollen and icteric. 

The pertinent microscopic sections, reviewed 
by Dr. Eleanor Humphreys, are reported as 
follows: 

Liver: The liver shows a fatty degeneration in 
the peripheries and even more in the centers of 
the lobules. The bile canaliculi are distended 
with bile while the interlobular connective tissue 
is the site of a pericholangitis. In most lobules 
this is an acute process with a predominance of 
polymorphonuclears but in some, lymphocytes 
and plasma cells are the outstanding type. The 
lumens of many of the larger bile ducts contain 
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bacteria, both rods and cocci, but at no place 
in the sections have these extended through the 
epithelium of the duct. There is an early, begin- 
ning cirrhosis with encroachment of the peri- 
lobular connective tissue upon the adjacent liver 
cords with resulting compression and degener- 
ation. Many of the cords contain glycogen-rich 
hepatic cells. The cirrhous adenocarcinomatous 
tissue, composed, for the most part, of columnar 
epithelial cells lining alveolae or cystic spaces, 
can also be seen encroaching upon the liver 
(in the sections taken from the region of the 
hepatic vein). 

Colon: Carcinoma cells can be found grow- 
ing extensively under the muscularis. ... A 
few tumor cells can be found growing in the 
lymph spaces between the circular and longi- 
tudinal muscular coats. . . . There is little in- 
flammatory reaction. Stomach and Jejunum: The 
section passes through the site of the gastro- 
jejunal anastomosis, now represented by a thin 
line of fibrous tissue. The carcinoma is penetra- 
ting through the muscularis into the submucosa 
of the jejunum and of the stomach. Below the 
muscularis the infiltrating fibroplastic tumor is 
forming large, irregular, neoplastic vesicles. 

Bile Duct and Jejunum: . . . Neoplastic tissue 
has invaded the region of the anastomosis and 
infiltrates the wall of both jejunum and bile 
duct Adrenal: The orderly pattern of the 
cortex is disturbed by poorly demarcated 
nodules. Most of the cortical cells have eosino- 
philic granular cytoplasm,.and the only cells 
with clear or foamy cytoplasm (suggesting an 
abundance of lipids) are found in small islands, 
near the capsule. Other acini of the glomerular 
zone are large and acidophilic with gland-like 
central cavitation. Thyroid: Fibrous bands sub- 
divide the gland into nodules of varying size. 
The proportion of small (fetal type) acini is high, 
but all nodules contain normal colloid rich acini 
in considerable numbers. The epithelium is 
everywhere flat or low columnar. Hypophysts: 
The hypophysis has normal form and internal 
structure, but superficially, seems to have fewer 
basophilic cells than normal. Actually, the num- 
ber is probably within the normal range. The 
chief abnormality is the comparative rarity of 


-cells filled with deeply basophilic granules. In 


specially stained sections (Azur-carmine) many 
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lightly stained basophiles are observed. A small 
proportion, approximately 10 per cent, of the 
basophiles contain one or more vacuoles. 


METHODS 


The patient was confined to the metabolic 
unit of the hospital at all times and was weighed 
daily. All food and liquids were weighed or 
measured. As a rule, all stools were collected and 
weighed daily, and the twenty-four-hour speci- 
mens of urine were collected and preserved in a 
refrigerator for analysis. Samples of capillary 
blood for sugar determination were taken fre- 
quently, in the postoperative period usually four 
times daily. The technic of collection of speci- 
mens during the balance studies followed stand- 
ard metabolic practice, aliquots of the food being 
saved and analyzed along with specimens of 
excretion. 

Chemical determinations were made in du- 
plicate according to the methods of the following 
authors: zn serum, carbon dioxide content, Van 
Slyke and Neill,®®> pH, Hastings and Sendroy;*® 
chloride, Wilson and Ball,®® after digestion 
according to Van Slyke and Neill;** sodium, 
Butler and Tuthill!! modified by Eichelberger;'” 
potassium, Shoh! and Bennett*? modified by 
Eiche!) nylase by the saccharogenic 
metho. ymogyi;*° lipids, 
Hanner* «as modified by P. B. Donovan and 
describea by Stewart et al.;*! calcium, Kramer 
and Tisdall*! modified by Clark and Collip;'” 
phosphorus, Fiske and Subbarrow;'® in capillary 
blood, glucose, Miller and Van Slyke;** zn plasma, 
non-protein nitrogen, Koch and McMeekin” 
(protein was found by multiplying the differ- 
ence between the total and the non-protein 
nitrogen by 6.25); total fecal fat, Saxon*® modi- 
fied by Fowweather.”® Total nitrogen of food, 
feces, urine and plasma was determined by the 
Kjeldahl technic. Sufficient material to contain 
the appropriate amount of nitrogen was digested 
in 300 ml. digestion flasks with concentrated 
sulfuric acid and sodium and copper sulfates. 
The ammonia formed was distilled into 50 ml. 
of 4 per cent boric acid solution and titrated 
with 0.1 N acid to the bromcresol green end 
point as described by Meeker and Wagner.*® 
Food, fecal and urinary calcium and food and 
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fecal phosphorus were determined by applying 
the methods used for serum to extracts or 
aliquots of the dried, ashed materials, made by 
several extractions with hot 10 per cent hydro- 
chloric acid into volumetric flasks. After cooling 
they were made to volume and filtered through 
retentive paper. Dilutions were chosen so that 
1 to 3 ml. contained 0.1 to 0.3 mg. of calcium. 
For calcium determinations such amounts were 
measured into the special centrifuge tubes, 1 ml. 
of 4 per cent ammonium oxalate was added, the 
mixture was roughly neutralized with concen- 
trated ammonium hydroxide, and finally ad- 
justed to pH 4.2 to 4.4 in the presence of 
bromcresol green. The determination was com- 
pleted as with serum. For phosphorus, an 
amount of a dilution containing 0.3 to 1 mg. 
was used in the determination as described for 
urine.'® Inorganic phosphorus could be deter- 
mined in urine by direct application of this 
technic. 

The preparation and ashing of food and feces 
for analysis was done as described by Knowlton 
et al.* 

Respiratory studies were made with a Tissot 
apparatus (Dr. Irene Sandiford), gases being 
analyzed by the Haldane technic. 


SPECIAL STUDIES 


Effect of Diet and Medication on Fecal Volume. 
Before operation (Table 1) the average daily 
weight of feces without medication (March 28th 
to April 3rd and April 11th to 17th) was not 
significantly different from the weight when 
Lilly’s enteric coated pancreatin tablets in doses 
of from 32 to 64 Gm. per day were being ad- 
ministered (April 4th to 8th). Reduction of 
dietary fat from 100 to 13 Gm. per day pro- 
duced no important change in the amount of 
feces (March 28th to April 3rd and April 11th 
to 17th, as compared with April 18th to 25th); 
nor did any change result from the intramus- 
cular administration of 3.5 ml. of crude liver 
extract per day. The fecal volume was appreci- 
ably reduced, however, in the period May 3rd 
to 11th when the carbohydrate of the diet was 
lowered from 901 to 398 Gm. and when tincture 
of belladonna, 30 drops, and bismuth subcar- 
bonate, 6 Gm., were administered daily. 


w 
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TABLE I 


ON COMPOSITION OF 


FECES 


3-22-44 to 3-25, | 


inclusive. ..... 
3-28-44 to 4-3, 
inclusive. ..... 
4-4-44 to 4-8, inc. 


4-11-44 to 4-17, 
inclusive. .... 
4-18-44 to 4-25, 
inclusive... .. 
4-26-44 to 5-2, 
inclusive...... 
5-3-44 to 5-11, 
inclusive 


10-20-44 to 10-25, 
inclusive 

10-26-44 to 10-29, 
inclusive 


10-31-44 to 11-7, 
inclusive 


11-11-44 to 11-19, 
inclusive 


342 | 


.| 900 


.| 901 


901 


av 


| 398 


400 101| 99) Atropine 0.0018. Pow- 


400 


400 


419 


400 

400 

257 
to 


295 


to 
419 


| 12 | Atrop. 


Average Weight 


Medication 


Stools 


Total Fat 


| 


Wet 


| (Gm. /day)| 
| 


| None 934 


1365 
1488 


None 

Pancreatin, enteric 
coated, 32 to 64 Gm/ 
day 

| None 1701 

1350 

1572 


13 | None 

13 | Crude liver extract, | 

av. | i.m. 3.5 ml./day 

12| Tr. Belladonna, 30 
drops/day. Bismuth 
subcarbonate, 6 Gm/ 
day 


683 


2001 
| daily 
1358 
| dered pancreatin 30 
| Gm. daily 
20 | Atropine 0.0036. Pow- 
dered pancreatin 45 
Gm. daily 
20 Powdered pancreatin 45 
| Gm. daily 
20 | Powdered pancreatin 45 
| Gm. daily 
17| Atropine 0.0036 Gm- 60 
| daily 
20 | Atropine 0.0036 Gm. 
daily 


750 


5580 


3360 


0.0036 Gm., 
to | Pancreatin 20-40 Gm. 


| 14 | daily 


15 | Pancreatin 40-60 Gm. 
to | daily 
20 


| (Per 


11 


14 


Dry | 


of Wet | 
| Wt.) | 


Cent | 


2 


Total N 


| Per Cent! (Gm. /day) 
Gm./day | of Dry 


Total pancreatectomy, gastrectomy, duodenectomy, splenectomy, left adrenalectomy 


400 |101| Atropine 0.0018 Gm. 26.6* | 


* Two-day collection 10-24-44 to 10-25-44. 
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11-8-44........| M103) | 
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11-10-44. 99 
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Fic. 2. Observations from six weeks after pancreatectomy until death; arrows indicate insulin reactions. 


After operation the quantity of feces was so 
large as to render impractical the collection of 
specimens for chemical analysis in more than 
two-day amounts. Fecal weight during the 
period October 20th to 25th, when the patient 


TasBle 
BALANCE STUDIES 


Total pancreatectomy September 7, 1944 

Diet: C 400, P 101, F 99.G = 471. Cal. = 2,895 
Last feedings 7:00 p.m. each evening 

Crystalline insulin 15-10-5 units 

Fasting blood sugar October 24, 101 mg./100 ml. 

Fasting blood sugar October 25, 111 mg./100 ml. 


| 
: Crea- 
| Wt. or Vol.| Ca P tinine 


(Gm.) (Gm.) (Gm.) (Gm.) 


Food 15.98 1.18 1.49 
Urine 2.52 0.12 0.28 
Feces(4) * 12.34 av.| 0.98 av.| 0.98 av. 
Balance +1.12 +0.08 +0.23 
Food 15.98 1.18 1.49 
Urine 4.68 0.14 0.59 
Feces(3) * 12.34 0.98 0.98 av. 
Balance — 1.04 +0.06 — 0.08 
Food 15.98 1.18 1.49 
Urine 3.60 0.13 0.44 
Feces 12.34 0.98 0.98 
Balance +0.04 +0.07 +0.07 


* Number of stools per day. 
+ Figures in brackets indicate sum of urine and fecal volumes. 
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was receiving 0.0018 Gm. of atropine sulfate per 
day, averaged 2,001 Gm. daily. (Table 1, Fig. 2.) 
The addition of 30 Gm. daily of pancreatin in 
powdered form (Lilly), now feasible because of 
the absence of gastric juice, was accompanied 
by a reduction in weight of stools to an average 
of 1,358 Gm. per day. This was further lowered 
to 750 Gm. per day when the dietary fat was 
reduced from 99 to 20 Gm., and when atropine 
was increased to 0.0036 Gm. and powdered 
pancreatin to 45 Gm. daily. When atropine 
was stopped November 8th, despite the con- 
tinuation of pancreatin, the feces for that day 
weighed 5,580 Gm.; while in the period Novem- 
ber 11th to 19th, with atropine reinstituted and 
pancreatin withheld, the average daily fecal 
weight was 870 Gm. 

Absorption and Balance Studies. Before oper- 
ation, no studies of carbohydrate absorption or 
of reducing substances in the feces were made. 
Nitrogen balances were not carried out since the 
urine was not analyzed, but the feces collected 
March 22nd to 25th contained an average of 
6.45 Gm. of nitrogen per day. The patient’s 
ability to absorb fat was not impaired as tested 
March 16th by following the serum lipids after 
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a fat meal. During the period March 22nd to 
25th, however, with the dietary fat 99 Gm. per 
day, the patient lost in the stools an average of 
20.4 Gm. of fat (19.5 per cent of the dry weight) 
daily. 

After operation, two attempts were made to 
determine the absorption of carbohydrate by 
means of the usual tolerance tests. These were 
unsatisfactory, however, because in each in- 
stance the ingestion of the glucose solution was 
followed within a few minutes by a watery 
diarrhea. The feces on one occasion gave a 2 
plus reduction with Benedict’s solution. The 
blood sugar in one test rose to a maximum of 
99 mg. per cent above the fasting level and in 
another the maximum increase was 81 mg. per 
cent. During the collection of October 24th to 
25th, an average of 37 Gm. of “‘glucose’’ per 
day was found in the feces, as determined by 
analysis on the filtrate after deproteinization. 
The significance of this figure is doubtful, how- 
ever, in view of the possibility that, on the one 
hand, some carbohydrate may have been de- 
stroyed by fermentation and, on the other hand, 
an indeterminate amount of non-specific reduc- 
ing substance may have been present. Nitrogen 
balances, together with those for calcium and 
phosphorus, are shown in Tables 1 and m1. With 
a daily intake of 15.98 Gm. nitrogen, the fecal 
loss averaged 12.34 Gm. (77 per cent of the 
amount ingested), or at least five times normal. 
This compares with 6.45 Gm. before operation. 
Figures for the urinary constituents for October 
24th should probably be disregarded because of 
the possibility of incomplete collection as indi- 
cated by the low creatinine value for that day. 
Assuming the collection of October 25th to be 
complete, and of this we have no reasonable 
doubt, it is to be noted that the large loss of 
nitrogen in the feces was accompanied by the 
relatively low urinary nitrogen of 4.68 Gm. per 
day. The patient was thus in a negative nitrogen 
balance of 1.04 Gm. daily. For the same day the 
calcium balance was slightly positive and the 
phosphorus slightly negative. A fat tolerance 
test was not performed in the postoperative 
period. Absorption, however, was distinctly 
poorer than before operation, the feces on 
October 24th containing 75.9 Gm. of total lipids, 
or 77 per cent of the fat ingested. 
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Diabetes. All the observations to be described 
except where it is otherwise stated, were made 
after pancreatectomy. 

Insulin Requirement: Comparisons of insulin re- 
quirement in the pre- and postoperative periods 
(Fig. 3) were made insofar as possible with con- 
ditions constant and in the absence of compli- 
cating factors. Before operation, on a diet of 
C 398, P 200, F 12 (glucose equivalent 511 Gm.), 
and with the body weight 72 kg., the require- 
ment was from 40 to 65 units per day. From 
sixteen to twenty days postoperatively, on a diet 
of C 401, P 102, F 11 (glucose equivalent 459 
Gm.) and with the body weight 60 kg., the dose 
was from 30 to 35 units per day. The apparent 
reduction in the demand for insulin may have 
been due first, to the lower glucose value of the 
postoperative diet, second, to the loss of 12 kg. 
of body weight and third, to the fact that the 
amount of insulin in the second observation was 
actually inadequate, hyperglycemia being pres- 
ent in the latter part of the day. From November 
12th to November 19th (Fig. 2), with the pa- 
tient on the same diet, but with the blood sugar 
better controlled and diarrhea minimal, the true 
requirement seemed to be in the neighborhood 
of 40 units per day. 

Sensitivity to Insulin: The patient was relatively 
sensitive to insulin both before and after the 
pancreas was removed. Hypoglycemic reactions 
were common in both periods and their fre- 
quency and intensity were seemingly unaffected 
by the operation. 

Diurnal Fluctuations of Blood Sugar: {It has been 
observed by MGllerstrom*® and others that the 
blood sugar in human diabetes undergoes 
spontaneous diurnal fluctuations relatively inde- 
pendent of food intake. These have been 
attributed to rhythmic variations in the function 
of the liver,':!**7 but it has never been deter- 
mined whether differences in insulin secretion 
by the pancreas might contribute to the phe- 
nomenon. Our patient, lacking a pancreas, 
presented an opportunity to test this possibility. 
While being maintained on 30 units of prota- 
mine zinc insulin per day which, as previously 
demonstrated furnishes a constant supply of 
insulin from the depots,*’:** he was fed uniform 
amounts of carbohydrate every two hours, and 
for three days the blood sugar was followed at 
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CONSECUTIVE 24-HR. BLOOD SUGAR CURVES 


30 PZ! EACH AM 
443 GM. CHO EVERY 2 HRS. 


oocr® 


52 0D 


PM 


LY 


! 6 io 


é/30 23 24 a5 
Fic. 3. Insulin requirement before and after total pancrea- Fic. 4. Legend above illustration. 
tectomy; operation September 7th; protamine zinc insulin indi- 


cated by solid bars, crystalline insulin by cross-hatched bars. 


two-hour intervals throughout each twenty- — exception of October 23rd, when the patient had 
four hours. It is apparent from Figure 4 that received orange juice during the night for an 
with the supply of ‘food and insulin at constant insulin reaction, the fasting blood sugar on 
levels, the blood sugar showed a definite down- each day did not exceed 111 mg. per 100 ml. 


ward trend during the night. TABLE IV 


NASAL METABOLIC RATES AND RESPIRATORY QUOTIENTS 
TABLE Il 
COMPARISON BETWEEN ACTUAL AND CALCULATED FECAL 
NITROGEN (GM./24 HRs.) i C 400, P 101, F 99 
10-5-5 


10/24 10/25 15-10-10 


Non- 
N intake 15.98 15.98 . B.M.R.*| R.O. | Protein 
N in urine 2. Sa 4.68 R.Q. 


N in feces (calculated). .|13.46 11.30 

N in feces (actual)... .|12.34 (av.) |12.34 (av.) —$¢ 
—18 
—17 
—17 
—18 
—18 
—15 
=13 


Fasting Blood Sugar with Regular Insulin: It is 
well known that severely diabetic patients main- 
tained on crystalline insulin, the last daily dose 
being given before supper, commonly exhibit 
marked hyperglycemia the following morning. 
The patient in question did not behave in this 
fashion, as shown by the data for October 21st Intravenous Glucose Tolerance Tests: Glucose 
to 26th. (Fig. 2.) This was the only period in tolerance could be measured only by the intra- 
which the patient refrained from eating during venous technic, since the oral method led to 
the night and when no interfering studies were = prompt and profuse watery diarrhea. Such a 
being carried out. Diet, insulin dosage and test, performed on October 26th after the pati- 
activity were constant and the diarrhea was _ ent had been receiving only crystalline insulin 
relatively so. It will be noted that with the three times daily, gave a curve which, though 
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INTRAVENOUS GLUCOSE TOLERANCE IN DEPANCREATIZED MAN 
25 Gu. Glucose 
Cryst. Insulin 15-10-5 u. the previous day 


- 15 60 


Shaded area e range of normal by this method. 
(Lonzer et al., J. Clin. Invest., 1941) 


Fic. 5. Legend appears on illustration. 


distinctly “‘diabetic,’” was less abnormal than 
in many cases of spontaneous diabetes. (Fig. 5.) 

Respiratory Metabolism: Fasting total respira- 
tory quotients were determined from October 
21st to 26th, inclusive (Table 1v), while the 
patient was taking a diet of C 400, P 101, and 
F 99 Gm. During this period the patient was 
given three daily doses of crystalline insulin, 
the last before supper. He received no protamine 
zinc insulin which, by its prolonged action, 
might have affected the fasting R.Q. The values 
obtained ranged from .77 to .80. An effort to 
measure the R.Q. after insulin had been com- 
pletely withdrawn for several days was un- 
successful because of the patient’s physical 
discomfort. 

Non-protein R.Q. and the Metabolic Mixture: On 
October 25th, 4.68 Gm. of nitrogen were ex- 
creted in the urine. The following morning the 
non-protein R.Q. was .792. Calculations from 
these data and from the modified table of Zuntz 
and Schumburg, given by DuBois,’® indicate 
that on this day the patient was deriving 9.4 per 
cent of his calories from protein, 27.7 from 
carbohydrate, and 62.9 from fat. 

The D/WN ratio of the urine was determined 
on December 7th and December 17th to 18th. 
On the first occasion the last dose of insulin was 
given December 3rd. On December 6th the 
patient consumed carbohydrate 156, protein 33, 
and fat 6 Gm. (810 calories). He received no 
nourishment from 8:00 p.m. on December 6th 
until 10:00 p.m. December 7th. The urine col- 
lected between 6:00 a.m. and 10:00 P.M. on 


December 7th contained 2.13 Gm. glucose and 
0.88 Gm. nitrogen per 100 ml., representing a 
D/WN ratio of 2.42. 

On the second occasion the last dose of insulin 
was given December 12th. On December 16th 
the patient consumed only 6 Gm. carbohydrate 
(24 calories) and took no nourishment there- 
after. The urine was collected by catheter from 
11:00 a.m. December 17th, to 4:00 a.m. Decem- 
ber 18th, when death occurred. This seventeen- 
hour specimen contained 4.20 Gm. glucose and 
1.17 Gm. nitrogen per 100 ml., yielding a D/N 
ratio of 3.59. 


TABLE V 
SERUM AMYLASE 


Withdrawal of Insulin: On December 4th all 
insulin was withdrawn. On that day, the amount 
of sugar in the twenty-four-hour urine increased 
from less than 10 Gm. to 112 Gm., and on 
December 5th, 143 Gm. were excreted and the 
test for acetone was positive. The urine for 
December 6th or 7th contained 2.5 per cent 
glucose despite the fact that no food was eaten 
for twenty-four hours, and the test for diacetic 
acid became positive. On December 7th the 
serum carbon dioxide was 28 and chlorides 
90.3 mM/L and the serum pH was 7.43. The 
patient had lost 4.6 kg. of body weight in three 
days and was very thirsty and uncomfortable. 
Insulin was then reinstituted with prompt relief 
of these symptoms. By December 12th the 
patient was in such suffering from recurrent 
carcinoma that it was decided to withdraw 
insulin as a.terminal measure. The patient was 
now eating very little. Glycosuria again increased 
and ketosis this time appeared immediately, 
probably because of the preceding low intake 
of carbohydrate. On December 15th, 108 Gm. 
of glucose were lost in the urine and the patient 
became restless and irrational. Acetone and 
diacetic acid were now present in large amounts. 
On December 17th he was stuporous, the pulse 
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rose to 140 and respirations to 40 per minute; 
the blood sugar was 570 mg. per cent. Death 
occurred December 18th, after six days without 
insulin, in typical diabetic coma. 

Miscellaneous Studies: Serum amylase (Table 
v), which was normal (68 to 81 units) before 
pancreatectomy, declined to 9 units one week 
afterward, but at the end of approximately six 
weeks had again returned to normal levels. 
These facts throw doubt on the hypothesis that 
the pancreas plays a major réle in determining 
the amount of amylase in the blood and render 
uncertain the interpretation of such values. 

There were no significant changes in values 
obtained throughout the patient’s illness for 
serum COs, pH, Cl, Na, K, Ca, P or protein, 
except for a decline in Cl to 90.3 mM/L on 
December 7th after the first period of acidosis. 
No determinations of these substances were 
made after the final withdrawal of insulin. 


COMMENTS 


Certain features of this case require com- 
ment. The fecal volume after operation may 
have been influenced by factors other than 
the mere absence of the pancreas. For ex- 
ample, it was found at autopsy that the wall 
of the colon was diffusely infiltrated with 
carcinoma, which may have altered in- 
testinal motility. At any rate, the amount of 
feces excreted daily was relatively enor- 
mous, ranging from 459 Gm. to 5,580 Gm. 
and averaging 1,500 Gm. to 1,800 Gm. 
Beazell, Schmidt, and Ivy* in a study of 
four cases of pancreatic achylia, found the 
average daily fecal weight to be 441 Gm. 
and the highest 706 Gm. In the present 
case, fecal solids were determined in the 
postoperative period only once, when they 
amounted to 281 Gm., or approximately 
five times the normal.*' This compares with 
values of 80 to 120 Gm. found by Waugh et 
al.°® in four cases of total pancreatectomy 
in man. In contrast to the experience of 
others,*°® the administration of pancreatin 
in our case was not very effective in con- 
trolling diarrhea, atropine giving more 
satisfactory results. 


AMERICAN JOURNAL OF MEDICINE 


239 


The increase in the frequency and amount 
of the stools following pancreatectomy was 
reflected in a marked increase in fecal nitro- 
gen and fat. It is of interest that with the 
large loss of 12.34 Gm. of nitrogen in the 
stools (77 per cent of the amount ingested) 
on October 25th, the urinary nitrogen, as if 
in compensation, was only 4.68 Gm. per. 
day. Average normal values for fecal and 
urinary nitrogen are 1 to 3 Gm.*!**? and 
10 to 15 Gm.,"*,* respectively, per day. 
Beazell, Schmidt, and Ivy in a summary of 
reported cases of pancreatic achylia state 
that an average of 61 per cent of the ingested 
nitrogen was excreted in the feces. In their 
own cases, this value varied from 40 to 100 
per cent, one patient losing 13.3 Gm. of 
nitrogen daily in the stools. In the Mayo 
Clinic series of total pancreatectomies”® fecal 
nitrogen ranged from 4 to 8 Gm. per day. 
Fecal lipids in our patient amounted to 
75.9 Gm. during one twenty-four hour 
period, or 77 per cent of the fat ingested. 
The feces of normal persons contain ap- 
proximately 10 to 15 Gm. of fat each day.*°? 
In the literature dealing with pancreatic 
achylia, Beazell and his colleagues found an 
average of 62 per cent of the ingested fat 
excreted in the stools. In their own cases, 
with an intake of 112 Gm. of fat daily from 
44.5 to 94 Gm. were lost in the feces, or an 
average of 66 per cent of the dietary fat. 
They state that absorption was materially 
improved by the administration of pan- 
creatin. More closely akin to the present 
case are patients in whom the entrance of 
pancreatic juice into the intestine has been 
prevented by surgical operation, usually 
subtotal pancreatectomy. Whipple and Bau- 
man,°’ in a study of three such patients 
maintained on a fat intake of from 75 to 
100 Gm. per day, report that daily fecal 
fat varied from 3.2 to 81.2 Gm., representing 
excretion of from 3.2 to over 100 per cent 
of the ingested fat. The cases of total pan- 
createctomy reported by Waugh et al.* 
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lost from 36 to 48 Gm. of lipids per day in 
the stools with an intake of 70 to 100 Gm. 
It is to be pointed out, however, that in 
many cases absence of the external pancre- 
atic secretion is compatible with practically 
normal fat digestion and absorption.**°" 

It must be recognized that the diabetes 
in this case may have been influenced by 
certain factors which might render difficult 
a comparison with other forms of the disease. 
The absence of the pancreas undoubtedly 
impaired digestion and promoted diarrhea, 
thus tending to diminish hyperglycemia and 
insulin requirement. These tendencies were 
probably offset to some extent by the very 
high level of carbohydrate intake on which 
the patient was maintained. Furthermore, 
the direct entrance of food into the small 
intestine, owing to the absence of the stom- 
ach, may have resulted in an exaggerated 
response of the blood sugar to the ingestion 
of carbohydrate.** The possibility of adrenal 
cortical insufficiency due to the loss of the 
left adrenal would seem to be excluded by 
the patient’s excellent postoperative re- 
covery without replacement therapy and by 
normal values for serum electrolytes. 

With due regard for these considerations, 
one may be permitted to comment on the 
fact that total pancreatectomy apparently 
failed to increase the severity of the pre- 
existing diabetes. This could be explained 
logically if it were assumed that the original 
disease had been associated with complete 
destruction or functional failure of the islet 
tissue. Histologically, while most of the 
islets in the portion of the pancreas not 
involved by carcinoma appeared normal 
with routine staining methods, specific 
stains showed a very small number of beta 
cells. It could not be stated, however, that 
either the number or the activity of these 
cells was so diminished as to spell “total 
diabetes” in the patient. Unfortunately, 
assays for insulin content were not per- 
formed on the extirpated gland. If, on the 
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other hand, some insulin were being pro- 
duced before operation, it is difficult to 
understand the failure of the insulin re- 
quirement to rise afterward. Speculation 
might include the assumption of an extra- 
insular, ‘“‘anti-insulin,” factor which was 
removed by pancreatectomy. Of interest in 
this connection is the finding of Dragstedt'® 
that partially depancreatized dogs have a 
higher requirement for insulin than totally 
depancreatized dogs. Young,°' moreover, 
reports that when one of his dogs made per- 
manently diabetic by injections of anterior 
pituitary extract was later depancreatized 
the insulin requirement was diminished. 
He states that this “‘may indicate that the 
acinar tissue of the pancreas plays a hitherto 
unsuspected réle in carbohydrate metabo- 
lism.” Similar results have been described 
by Thorogood and Zimmermann*® utilizing 
dogs made diabetic with alloxan and subse- 
quently depancreatized. The only evidence 
in man which points in this direction is 
the case described. by Harvey” in which 
sub-total pancreatectomy ina previously non- 
diabetic patient resulted in diabetes neces- 
sitating 70 to 120 units of insulin per day. 
This is considerably in excess of the require- 
ment of any human case of total pancrea- 
tectomy thus far recorded. In this institution 
the two patients who developed diabetes 
after subtotal removal of the gland exhibited 
only a very mild, and in one instance transi- 
ent, form of the disease.'® One other patient 
with diabetes has undergone total extirpa- 
tion of the pancreas.°® It may be significant 
that that patient, who had been taking 20 
units of insulin per day, was found after 
operation to need the same amount, namely 
40 units daily, as did the patient in the 
present case. 

The relatively low insulin requirement of 
approximately 40 units per day is in the 
same range as that found in other cases of 
total pancreatectomy. Eight such patients, 
in addition to the present one, have been 
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reported. ?* #4656 Of these, three died with- 
in fifteen days of operation®*** so that an 
estimate of their true requirement in the 
absence of complications could not be made. 
In one of the three patients,*® moreover, a 
remnant of pancreatic tissue was found at 
autopsy. The daily dosages in these cases 
were from 26 to 50 units, approximately. 
Of the remaining five patients, one®® died 
2.5 months and another*® nine months after 
operation; while three’® had been living 
eight, fifteen, and thirty-seven months, 
respectively, at the time of reporting. The 
insulin requirement in these five patients 
ranged from 26 to 40 units daily. It thus 
appears that totally depancreatized men 
require no more than about 40 units of 
insulin per day. Does it follow that the out- 
put of insulin by the normal pancreas must 
be of this order of magnitude? Previous 
estimates of the secretion of insulin by the 
normal human pancreas have ranged as 
high as 200 to 300 units per day.*” Holm,”® 
however, calculated on the basis of experi- 
ments in depancreatized dogs that the adult 
human pancreas, if the caloric requirement 
were fully supplied by sugar alone, might 
secrete approximately 48 units per day—a 
figure in closer agreement with the findings 
in pancreatectomized patients. The ob- 
servations of Dragstedt,’? Young*®! and 
Thorogood and Zimmermann’? referred to 
above are pértinent to the problem. The 
latter, in discussing their finding that 
alloxan treated dogs require more insulin 
before than after pancreatectomy, point out 
that since alloxan attacks the beta cells 
specifically, diabetes thus produced repre- 
sents a pure (and presumably complete) 
insulin deficiency. ‘The fact that the insulin 
requirement of these animals is much 
reduced by pancreatectomy suggests that 
this operation removes a substance either 
in the alpha cells** or in the acinar tissue 
which is antagonistic to insulin, and that 
the amount of the hormone produced by 
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the normal dog’s pancreas can be estimated 
more truly from the requirement in alloxan 
diabetes than in the diabetes of complete 
pancreatectomy. To what degree this rea- 
soning can be applied to man cannot be 
stated since strictly comparable experiments 
have not been carried out in that species. 
At any rate, the possibility must be recog- 
nized, on the basis of the observations on 
pancreatectomized patients, that in any case 
of diabetes requiring more than about 40 
units daily, an insulin antagonist of some 
sort may be at work. ‘‘Insulin resistance,” 
therefore, may begin at a much lower level 
of insulin requirement than heretofore 
believed. 

The contour of the twenty-four hour 
glycemic curves confirms MGllerstrém’s ob- 
servations*® concerning the diurnal fluctua- 
tion of the blood sugar in diabetic patients 
and demonstrates that this phenomenon 
can occur without variations in the supply 
of insulin and food. The findings do not con- 
stitute proof of his hypothesis, probable 
though it may be, that the liver is responsi- 
ble for such fluctuations. The normal fasting 
blood sugars of October 21st to 26th while 
the patient was receiving crystalline insulin, 
and the relatively good tolerance for intra- 
venous glucose are not characteristic of most 
diabetic patients who require 40 units of 
insulin per day. It cannot be stated on the 
basis of one case, however, that such be- 
havior is typical of the depancreatized man, 
and its explanation in the present instance 
is not clear. 

The respiratory quotients of .77 to .80 
are definitely but not far below the generally 
accepted average of .84 for normal indi- 
viduals. They are, however, considerably 
above the R.Q. of .70 exhibited by the 
totally depancreatized dog not receiving 
insulin.** Values for severe human diabetes 
obtained before the discovery of insulin are 
given by Benedict and Joslin’ as ranging 
from’ .69 to .77 with a mean of .74; by 
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Gephart, Aub, DuBois and Lusk?! from 
.66 to .97; and by Wilder, Boothby and 
Beeler®* from .66 to .74. Most of these quoti- 
ents approximate the R.Q. of pure fat 
oxidation. In our patient the total respira- 
tory quotient would indicate that food- 
stuffs other than fat, presumably includ- 
ing carbohydrate, were being oxidized in 
the absence of endogenous insulin. Sup- 
porting this probability are calculations 
based on the non-protein R.Q. and the 
urinary nitrogen which show that on one 
occasion 9.4 per cent of the calories were 
being derived from protein, 27.7 per cent 
from carbohydrate and 62.9 per cent from 
fat. Comparable figures for normal indi- 
viduals are indicated by DuBois, who states, 
‘“‘Under ordinary conditions . . . 10 to 20 
per cent of the calories come from protein 
and 20 to 70 per cent from carbohydrate.’’'® 
By these standards, the number of calories 
furnished by both carbohydrate and protein 
in the present case was lower than the 
normal average but not below the normal 


minimum. It is fair to conclude that the | 


oxidation of carbohydrate in the complete 
absence of the pancreas was by no means 
abolished fourteen hours after the injection 
of insulin. 

The D/N ratios of 2.42 and 3.59 are of the 
same order of magnitude as those which 
have been repeatedly found for the depan- 
creatized and the phloridzinized dog,* 
respectively, and are in the same range as 
those reported by earlier authors in human 
diabetes.”?"?73436 Tt is possible that the 
ratio of 2.42 obtained December 7th is too 
high because of the pouring out of glucose 
from the glycogen reserves of the days im- 
mediately preceding.® The fact, however, 
that insulin had been withdrawn three days 
previously, with the consequent loss of from 
112 to 143 Gm. of glucose per day in the 
urine, would suggest that the glycogen 
stores had undergone considerable deple- 
tion before the day in question. This criti- 
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cism is probably not applicable to the ratio 
of 3.59 obtained December 17th and 18th. 
On this occasion, insulin had been with- 
drawn four days previously and the intake 
of food had been practically zero (6 Gm. 
carbohydrate) on the day immediately pre- 
ceding the observation. Cyril K. in the case 
described by Gephart, Aub, DuBois, and 
Lusk,”' showed ratios of 2.76 and 2.65 on 
two days of fasting which were preceded by 
two days of a practically carbohydrate-free 
diet, and in the case of William G., Allen 
and DuBois? found ratios from 2.28 to 3.82 
when the patient was being fed almost 
nothing but protein. The depancreatized 
man then resembled severely and spontane- 
ously diabetic patients and pancreatecto- 
mized and phloridzinized dogs in being 
able to convert roughly half his metabolic 
protein to carbohydrate. 

Again reminiscent of the depancreatized 
dog are the promptness and extent of the 
ketosis, glycosuria, dehydration and loss of 
weight which followed the withdrawal of 
insulin. Many severely diabetic patients 
have themselves inadvertently proven that 
failure to take insulin may be fatal. An 
unusual combination of circumstances in 
the present case permitted the experimental 
verification, if indeed any were needed, of 
this fact. The patient’s death in typical 
diabetic coma six days after the deliberate 
abandonment of treatment constitutes, so 
far as we are aware, the first instance in 
which the essentiality of a hormone for 
human existence has been demonstrated 
by the removal of the gland manufacturing 
that hormone and the subsequent with- 
holding of replacement therapy. 

The question of whether total pancreatec- 
tomy in man results in lipocaic deficiency 
cannot be answered by available data. The 
evidence of such deficiency in dogs, accord- 
ing to Dragstedt" includes a fatty liver and 
a decline in both insulin requirement and 
serum lipids. In the patient under discussion 
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autopsy showed fatty degeneration of the 
liver, but this could have resulted from 
inanition and the terminal diabetic acidosis. 
Insulin requirement did not change appre- 
ciably. As shown in Table vi, the serum 
lipids, after the first postoperative month, 
fell from 20 to 30 per cent below the value 
found five days after operation, but never 
reached subnormal levels. The large amounts 
of pancreatin which the patient received for 
long periods of time may have served to pre- 
vent manifestations of lipocaic deficiency. 
It is of interest, however, that one of the 
patients reported by Waugh et al.** refused 
to take any lipotropic substances such as raw 
pancreas, lipocaic, lecithin and choline, yet 
suffered no decrease in serum lipids as late 
as thirty-seven months after operation and 
was feeling well and had no complaints. 


SUMMARY 


Pancreatectomy, the completeness of 
which was established at autopsy, was per- 
formed for carcinoma in a patient who was 
already diabetic and had chronic diarrhea. 
The stomach, duodenum, spleen, and left 
adrenal were also removed. For approxi- 
mately three months the patient remained 
in sufficiently good condition to permit 
metabolic studies. Loss of the pancreas led 
to a marked increase in diarrhea, the daily 
fecal weight on one occasion being 5,580 
Gm., even though the patient was receiving 
powdered pancreas in large amounts. Atro- 
pine was more effective than pancreatin in 
controlling fecal volume and its effect was 
augmented by a sharp reduction in dietary 
fat. Intestinal absorption of both fat and 
protein, already less than normal before 
operation, was strikingly diminished there- 
after. The large loss of nitrogen in the feces 
(12.3 Gm. daily) was accompanied by the 
relatively low urinary loss of 4.68 Gm. per 
day. Analyses of food and excreta showed a 
slightly positive calcium and phosphorus 
balance, despite the severe diarrhea. 
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Extirpation of the pancreas was not fol- 
lowed by any increase in the requirement for 
insulin which, with a diet containing 400 
Gm. carbohydrate, averaged about 40 units 
per day. Sensitivity to insulin was marked, 
the patient experiencing frequent hypo- 
glycemic reactions. With the patient receiv- 
ing constant feedings every two hours and 
a constant supply of insulin derived from 
the daily injection of protamine zinc insulin, 
the blood sugar exhibited a definite diurnal 
pattern, the lowest values occurring during 
the night. The phenomenon is presumably 
related to rhythmic variations in the activity 
of the liver. When the patient was main- 
tained on three injections of crystalline 
insulin per day, the last dose being given 
before supper, the fasting blood sugars were 
essentially normal. This is contrary to the 
usual finding in severe, spontaneous dia- 
betes. Also at variance with the behavior of 
such patients was the response in the present 
case to intravenously administered glucose, 
the resultant blood sugar curves being less 
“diabetic” than might be -expected. The 
postabsorptive respiratory quotients varied 
from .77 to .80, values which are consider- 
ably higher than those for totally depan- 
creatized dogs or severely diabetic human 
beings. Of the total calories derived from 
the metabolic mixture, 27.7 per cent came 
from carbohydrate, 9.4 per cent from pro- 
tein and 62.9 per cent from fat. When 
insulin and food were withheld, the D/N 
ratio of the urine was 2.42 and 3.59 on two 
occasions, respectively. Permanent with- 
drawal of insulin resulted within six days 
in the death of the patient in diabetic coma. 
Values for serum amylase fell to low levels 
shortly after operation, but later returned 
to normal. One month after removal of the 
pancreas, serum lipids had declined from 
20 to 30 per cent below the immediate 
postoperative value, but they never reached 
subnormal levels. Pancreatectomy produced 
no striking changes in serum carbon dioxide, 


244 


pH, Cl, Na, K, Ca, P, or in plasma proteins. 

The considerable loss of nutriment through 
diarrhea may explain certain apparent dif- 
ferences between the diabetes in this case 
and the spontaneous disease of ordinary 
diabetic patients. 
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Clearance of Inulin, Diodrast, Chloride and 


Phosphate under Mercurial Diuresis’ 


Intensive Study of a Patient in Severe Cardiac Failure 


EpitH B. FARNSWORTH, M.D. 


CHICAGO, ILLINOIS 


‘4E purpose of this study was to trace 

as closely as our present technical 

facilities would permit, the course 
of a patient who was hospitalized in acute 
cardiac failure. The application of clearance 
tests, repeated at intervals of a week or two 
throughout his hospital stay of ten weeks, 
was chosen with the hope of obtaining in- 
formation concerning the behavior of the 
functional renal components in extreme de- 
compensation and under the influence of 
mercurial diuretics. 

The use of inulin had manifest advan- 
tages, since its passage through the glomer- 
ular filter in the same concentration as ir 
the circulating plasma, and its conduction 
through the tubules as an inert, non-me- 
tabolized substance, had been well estab- 
lished.'* The interval determination of its 
clearance value offered us, therefore, the 
filtration rate at moments during the clinical 
course of the patient when he was either 
suffering from marked fluid retention or was 
passing unusual volumes of urine. Further- 
more, since the ratio of concentration of 
inulin in the circulating plasma and inulin 
in the urine could be influenced only by 
changes in the fluid volume by withdrawal 
of water by the lining cells of the proximal 
tubules, that fraction, or the U/P inulin, 
furnished us with an index to the amount 
of water reabsorbed and hence an insight 
into the function of the proximal segments. 
We were thus enabled to consider chloride 


not simply in terms of urine concentration 
but in terms of water actually reabsorbed. 
The site of chloride resorption has also been 
located with some certainty in the distal 
tubules,** and the ratio of urine chloride 
to serum chloride, considered in relation to 
the U/P inulin or the reabsorbed water, 
might be thought of as a function test of the 
distal tubules. 

Diodrast was added to the infusion fluid 
because its mode of excretion by the cells of 
the tubules supplied useful information 
concerning the effective renal blood 
flow,’ a factor which required investiga- 
tion in a patient whose venous pressure 
was abnormally elevated. 


CASE REPORT 


The subject was a thirty-five-year old white 
male who entered Passavant Hospital on Sep- 
tember 9, 1942, complaining of dyspnea, ortho- 
pnea, edema, marked gain in weight and pain . 
in the legs. He had had ‘‘inflammatory rheu- 
matism”’ in 1918 and had first given evidence 
of cardiac decompensation in 1938. From that 
time he had been in bed or inactive for long 
periods. Physical examination revealed a young 
man in acute distress, in whom edema was so 
extreme that the garments had to be cut from 
his lower extremities. A harsh systolic murmur 
was heard over apex and base, with pre-systolic 
and diastolic murmurs in the third and fourth 
left interspaces. The heart was markedly en- 
larged; coarse wet rales were heard in the 
bases and the liver was very large and tender. 


* From the Department of Experimental Medicine, Northwestern University Medical School. 
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Edema was marked over the abdominal wall 
which also showed cyanosis below the level 
of the heart. The systolic blood pressure was 196, 
the diastolic 130. The erythrocyte count was 
4,250,000, the hemoglobin 14.0 Grams. The 
leucocyte count was 7,150. Urine analysis 
showed albumin, two-plus, with scattered 
hyaline casts. The blood urea nitrogen was 
19.0 mg. per cent, and the carbon dioxide 
combining power, 25.5 volumes per cent. The 
total protein was 6.65, with 3.92 Grams of 
albumin. The two-meter chest roentgenogram 
showed a mitral and an aortic configuration 
with a total cardiac enlargement of over 30 per 
cent. The electrocardiogram showed a right 
axis deviation with marked slurring of the QRS 
complexes and deformity of the ‘T waves. 

The acid-base balance was promptly adjusted, 
and the initial weight of 218 pounds was brought 
down to 197 by bed rest and diuretic manage- 
ment before clearance tests were performed. 

The tests were done in the morning with the 
patient in the fasting state. The intake of 
fluids was at no time restricted, and the patient 
was encouraged to drink water according to 
thirst. Fluids were not forced in preparation 
for the tests. The usual technic for the inulin 
clearance was employed, the inulin and diodrast 
being added to sterile physiological saline solu- 
tion. Catheters were introduced and the urine 
specimens were collected by rinsing the bladder 
with sterile water. The blood for the chloride 
determinations was taken under oil and estima- 
tions were done on serum and quoted in terms 
of sodium chloride. Three or four clearance 
periods were determined, the intervals ranging 
from fifteen to thirty minutes. The inulin, 
diodrast, chloride and phosphate were analyzed 
concomitantly, the method of Sendroy® being 
employed for the chloride, that of Corcoran 
and Page® for the inulin. 


RESULTS 


The results have been tabulated in ‘Table 
1 in which the volume of urine in cc. per 
minute, inulin clearance, diodrast clearance, 
chloride and phosphate clearance, U/P 
inulin, U/P chloride and U/P phosphate 
have been listed, with the dates upon which 
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Fic. 1. Chloride excretion in patient with severe heart 
failure (A. &.). Circles indicate clearance periods without 
mercupurin. Dots indicate clearance periods in which 
mercupurin was given prior to the test. 


the tests were performed. Since the clinical 
improvement of the patient and the loss of 
the extreme edema which characterized his 
condition on admission introduced factors 
which required assessment, his weight on the 
morning of the test is also given. 

The filtration rate as represented by the 
clearance of inulin was found to vary but 
slightly from test to test and the average 
clearance, three weeks after admission to the 
hospital, was almost identical with the final 
determinations just prior to discharge after 
the loss of fifty-two pounds of edema fluid. 
It was evident, furthermore, that diuresis 
with mercupurin intravenously adminis- 
tered, failed to alter significantly the filtra- 
tion rate, even with a urine volume of 19.8 
cc. per minute. 
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TABLE I* 


| Volume: | 
| Cc. 


Min. 


Clear- 
ance 


Clear- 
ance 


Mercupurin 


With Mercupurin 


10, 1942 


ROR OD 


Without Mercupurin | 
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* Data obtained from patient (A.Z.) in severe cardiac failure and under mercurial diuresis. 


Somewhat more variation may be noted 
in the diodrast clearances; and the average 
of those periods completed on December 
11th, when compensation had been more 
nearly restored, was higher than in previous 
tests. he individual periods also present 
fluctuations beyond what we have found 
under similarly controlled conditions in indi- 
viduals with normal cardiovascular systems. 
Improvement in cardiac compensation, 
however, did not produce the consistent in- 
crease in diodrast clearance which improved 
circulation in the kidneys might have led 
one to anticipate. No correlation is trace- 
able between the diodrast clearance and 
the large outputs resulting from mercurial 
diuresis. 


at least two factors may be seen to have 
influenced the results, the most striking of 
which is the effect of mercury. The more 
copious the diuresis, the higher did the chlo- 
ride clearance rise. This fact is in contrast 
with chloride clearances run in our labora- 
tory on normal individuals with varying 
outputs, in which the clearance was found 
to vary only within a range of 0.5 to 3.0 cc. 
per minute, regardless of the urine volume. 
In order to analyze these figures in terms 
of tubular resorption, the U/P inulin was 
selected as an index to water reabsorbed and 
plotted against the U/P chloride. (Fig. 1.) 
This graph suggests the second factor which 
influenced the chloride data, namely, the 
progress of the patient toward compensa- 


With respect to the clearance of chloride, tation. In order to make this point clear, the 
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| U/P | 
| Phos. | Wet. 
| | | 
6 157m | 4.68| 22.0 | 10.5 71 | 9.34 | 204 
7 147 5.89 | 24.7 | 9.3 
4 107 2.64| 16.7 | 12.0 | .65 | 9.79 | 
Nov. . 177 14.20 | 31.9 4.7 | .86 | §f.92 | 
13 154 13.70 | 26.8 6.2 02 | §f.99 | 176 
8 121 8.60 | 21.3 7.8 02 | 9.54 | 
10 141 10.70 | 23.9 6.9 .00 | §.20 | 
Mow. 16, 147 15.60 | 35.6 | 4.8 43 40 | 
11 140 14.50] 30.5 | 4.3 21 | 9.56 | 17314 
15 179M | 17.20| 36.8 | 4.0 1106] 9.41 | 
17 199.1 | 18.40 | 37.1 4.0 06 | H.16 | 
1 135 0.19 | 10.34] 48.5 60 | 197 
| 117 0.14} 10.08| 76.8 | 
55 0.09 | 3.98 | 56.8 05 | 
98M | 0.79 9M | 22.6 | 16 | 16934 
98 0.72 9 31.6 | 40 | 
157 0.71 10 46.7 
Maw. 20; 1942... 121 0.96 | 12 25.2 74 | 
131 1.44} 13 37.4 | 21 17334 
124 1.74 | 14 22.1 | 71 | 
186 1.38 | 12 29.5 | 15 | 
Dec. 203 1.71 | 15 18.0 | 
191 1.65 13 36.9 5 | 16534 
176 1.46 | 13 3.2 | | 
169 12 43.9 
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Fic. 2. Chloride excretion in patient with heart failure. Dots indicate 
clearance periods ‘on A, X. Circles indicate control series performed on 
normal subject, 7. P. No mercupurin was used in these determinations. 


periods completed on a given day have been 
marked by a number, the numbers being 
arranged t> indicate a time sequence. The 
clearance periods performed without the use 
of mercupurin show a wide scatter and have 
been plotted on a separate graph against 
those obtained from a normal subject (Fig. 


2), in terms of U/P inulin and U/P chloride. - 


The phosphate clearance may be seen to 
bear a relationship to urine output, but a 
quantitative relationship does not appear 
to exist between phosphate and chloride. 
Plotting again in terms of U/P inulin, how- 
ever, the results obtained under the influ- 
ence of mercurial diuresis are found to follow 
pretty closely the curve described by periods 
in which mercupurin was not employed. 
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Fic. 3. Phosphate excretion in patient with heart 
failure. Circles represent A. &., after administration 
of mercupurin. Crosses indicate control series on 


subject, P. 


This graph has in turn been combined with 
one taken from a normal individual without 
the administration of medical | diuretics. 
Comparison of the regression lines shows the 
cardiac patient a little to the left, particu- 
larly in the mercupurin periods of low U/P 
inulin ratio. (Fig. 3.) 


COMMENT 


The variable handling of water and re- 
sponse to diuretics characteristic of cardiac: 
failure is a clinical commonplace. ‘The pres- 
ent study, however, enabled us to ascertain 
that in this subject, at least, the variations 
in fluid and chloride balance did not occur 
as a result of changes in filtration rate or 
circulatory conditions, as reflected in the 
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diodrast clearance, throughout the period 
under investigation. The locus of action 
appears rather to lie in the proximal tubules. 
The filtrate has been formed as usual and 
at the same rate, regardless of the volume 
of urinary output. It could be proposed 
then, that the diminished output incident 
to the positive fluid balance of acute or 
chronic decompensation is a result of a 
specific change in reabsorption by the proxi- 
mal tubules, similar to the influence of anti- 
diuretic hormone. If such may be accepted 
as a working hypothesis, the functional de- 
fect characteristic of heart failure would be 
thought of as an altered output of anti- 
diuretic hormone or as an altered threshold 
of renal tubular response to antidiuretic 
hormone in normal concentrations. 

If we proceed to examine the fate of chlo- 
ride in the distal tubules, the evidence is 
found to be inconclusive, since per unit of 
water reabsorbed in the proximal tubules, 
the U/P chloride shows no single trend. On 
October 8th the clearance periods yielded 
a high U/P inulin ratio but the chloride 
was far lower than normal. Later, however, 
although the U/P ratio of inulin and chlo- 
ride still bore an irregular relationship to 
one another, they were roughly scattered 
about the regression line of the control 
studies and fell, if anything, somewhat to 
the left, thus indicating a tendency to in- 
creased U/P chloride at any given U/P 
inulin. The inconsistency of this patient’s 
behavior toward chloride is difficult to ac- 
count for, and further studies would be de- 
sirable on other decompensated patients. It 
may be pointed out only that the distal 
tubules appear to be specifically affected, 
-and that the phosphate does not share the 
influence of the causes determining chloride 
disposal. 

Turning now to the lower U/P inulin 
ratios, the effect of mercupurin on chloride 
is seen to be dramatic. In earlier papers’”’® 
we showed that in a normal subject, the 
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more closely the urine composition approxi- 
mated the glomerular filtrate the lower the 
U/P chlorides, so that the projected regres- 
sion line of U/P inulin against U/P chloride 
passed through zero. Such a figure could be 
regarded as a graphic presentation of the 
threshold theory. In our patient, on the con- 
trary, the lower the U/P inulin, the higher 
the U/P chloride; the less the proximal 
tubules operate to withdraw water from the 
current of filtrate the less also do the distal 
tubules act to reclaim the chloride. 

The failure of the diuretic to produce a 
similar effect on phosphate excretion sug- 
gests either that phosphate is handled by 
other tubular cells or that the effect is 
through a specific agency capable of affect- 
ing one out of several functions of identical 
cells. 


CONCLUSIONS 


1. Degrees of oliguria associated with 
cardiac decompensation were found to be 
unassociated with a decreased filtration rate 
or with a substantial or consistent decrease 
in effective renal blood flow. 

2. Relations between the U/P ratio of 
inulin and that of chloride were variable, 
and did not describe the straight line which 
is characteristic of the normal subject. Such 
variations were found only to a slight degree 
in the case of phosphate. 

3. The administration of mercupurin re- 
sulted in a large increase in U/P chloride 
at all U/P inulin ratios. This was not par- 
alleled by a proportionate increase in U/P 
phosphate. It is, therefore, probable that 
mercupurin exercised a specific effect upon 
chloride disposal and that the site of such 
effect was the distal tubules. 

4. The diuresis resulting from mercu- 
purin was not correlated with an increased 
filtration rate, and circulatory conditions in 
the kidneys as indicated by the diodrast 
clearance were variable and described no 
definite trend. The site of action of mercu- 


AMERICAN JOURNAL OF MEDICINE 


; 
» 


Mercurial Diuresis—Farnsworth 


purin was, therefore, concluded to lie in the 
proximal tubules. 

5. Comparison of U/P inulin and chlo- 
ride ratios in this subject with those collected 
from normal subjects indicated that, while 
in the normal subjects water and chloride 
are dealt with in such fashion that the 
plotted data form a regression line passing 
through zero, under the present experi- 
mental conditions this physiological pattern 
breaks down and the graph suggests a sim- 
ultaneo lysis of both proximal and 
distal t. + es with respect to water and 
chloride. 


SUMMARY 


A patient in severe cardiac decompensa- 
tion was subjected to clearance tests of 
inulin, diodrast, chloride and phosphate 
over a period of eight weeks. The urinary 
output, daily weight and clearance figures, 
together with the U/P ratios of inulin, chlo- 
ride and phosphate were tabulated. The 
U/P chloride was plotted against the U/P 
inulin in order to assess the reabsorption of 
chloride in the distal tubules in terms of 
water reabsorbed by the proximal tubules. 
The same was done in the case of phosphate. 

Similar determinations were made under 
conditions resulting from the administration 


of mercupurin, and the data were plotted 


and compared with data drawn from experi- 
ences with normal individuals in varying 
degrees of water diuresis. 

Evidence was found to support the idea 
that the oliguria of cardiac decompensation 
is not the function of a decreased filtration 
rate, and that the large outputs associated 
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with mercurial diuresis are not the results 
of an increase in filtration rate. It, therefore, 
appeared probable that the fluid retention 
of cardiac decompensation should be con- 
sidered as referring directly to the renal 
tubules, and that the action of the mercurial 
diuretic was first on the proximal tubules 
and second and specifically upon the be- 
havior of the distal tubules toward chloride. 


Grateful acknowledgment is made to Dr. A. 
S. Alving for his generous help in the prepara- 
tion of this paper. 
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Chrysotherapy in Rheumatoid Arthritis’ 


A Three-year Study of 142 Cases 


CHAREES RAGAN, M.D. and T. Lioyp Tyson, M.D. 


NEW YORK, NEW YORK 


HE use of gold compounds is now 

an established form of therapy 

for rheumatoid arthritis. Most men 
working in this field agree that a signifi- 
cant number of patients respond favor 
ably to gold, that this number is greater 
and that the response of the individual pa- 
tient is more favorable with chrysotherapy 
than with any other single form of treat- 
ment.’ The prevalence of toxic reactions 
from gold has been a grave deterrent to its 
use. Thus far, reports on its efficacy have 
been concerned with the immediate re- 
sponse to therapy. It is the purpose of this 
paper to present the results of chrysotherapy 
in patients with rheumatoid arthritis from 
the vantage point of a three-year follow-up. 
Material. ‘These patients were studied 
and followed in the clinic and on the wards 
of the Presbyterian Hospital. The diagnosis 
of rheumatoid arthritis was based on the 
usual clinical and laboratory data, includ- 
ing x-ray, sedimentation rate and aggluti- 
nation with group A hemolytic streptococci.? 
In all patients included, the diagnosis was 
concurred in by at least three internists. 
Extra care was used to exclude all cases of 
subacute rheumatic fever in which the prog- 
nosis is favorable without the use of chryso- 
therapy. The period covered in this report 
includes the years 1939, 1940, 1941 and 
half of 1942. The follow-up study was made 
in the fall of 1945 and thus the minimum 
period between gold administration and this 
follow-up is over three years. The group 
included only those patients who received 


1g Gm. or more of gold compound, which 
has been considered to be an adequate 
amount. Patients who were unable to tol- 
erate even this amount because of toxicity 
or who failed to continue treatment for any 
reason are not included. Using these criteria 
in that time, we treated 152 patients with 
rheumatoid arthritis with gold. We have 
adequate follow-up records on 142 of these 
patients. The ten on whom the data are 
inadequate had moved from the vicinity of 
the hospital and efforts to trace them have 
been unsuccessful. Thus this report is con- 
cerned with 142 patients with rheumatoid 
arthritis who have been treated with gold 
compounds and subsequently observed for 
at least three years. ‘The group is, we believe, 
a representative one, comprising 74 per cent 
females. The age of onset of symptoms of 
arthritis ranged from sixteen to eighty years 
with a median of thirty-nine years. The 
median duration of symptoms before insti- 
tution of chrysotherapy was four years. 
Thirty-seven per cent had a negative agglu- 
tination with group A hemolytic strepto- 
cocci which is about average in a large 
group. 

Immediate Response to Treatment. ‘The im- 
mediate response to therapy is of a type 
which is generally accepted. We have 
divided the results into subjective response 
and objective response. In all but eight 
patients these two categories are in agree- 
ment. In* es sight, the subjective response 
was m~ _ae objective only slight. Using 
the suv; ~.ive response, 55 per cent showed 


* From the Edward Daniels Faulkner Arthritis Clinic of the Presbyterian Hospital and the Department of Medicine, 
College of Physicians and Surgeons, Columbia University, New York. 
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marked improvement, whereas using ob- 
jective response 50 per cent showed marked 
improvement. Eleven per cent showed no 
improvement. In the remainder the im- 
provement was definite but not startling. 
Type of Gold. Three forms of gold com- 
pounds were used, myochrysin,* solganol 
B oleosumf and calcium aurothiomalate.t{ 
Seventy-two patients (50 per cent) received 
myochrysin, fifty-one (35 per cent) solganol, 
and nineteen (15 per cent) calcium auro- 
thiomalate. Table 1 shows the results ob- 
tained with these three preparations. ‘The 
differences are not statistically significant. 
TABLE I 


RELATION OF DRUGS USED TO THERAPEUTIC RESPONSE AND 


TOXICITY IN PATIENTS INCLUDED IN THIS SERIES, 


ALL OF WHOM WERE GIVEN AT LEAST )%4 GM. 


OF GOLD COMPOUND 


Not 
improved 


Significant 
| Improved Toxicity * 
Drug Used 


Per Per 
Cent Cent 


Myochrysin 72 95 39 


| 10 90 21 


4 : 
Solgano! B Oleosum...} 51 8 | 15 85 31 
2 


Calcium aurothiomalate| 19 


* Significant toxicity is an arbitrary designation which includes all 
patients who developed a pruritis, rash, stomatitis, albuminuria or 
blood dyscrasia lasting more than one month. . 


Toxicity. Significant toxicity, that is a 
reaction such as dermatitis, or albuminuria 
of a duration of more than a month, fol- 
lowed the use of each drug. This is also 
shown in Table 1 and again the differences 
are not statistically significant. Of interest is 
the fact shown in Table m1 that significant 
toxic reactions following the use of gold 
compounds are related to the duration of 
the disease before the institution of such 
therapy. Reactions were more than twice 
as frequent in the patients who had had 
their disease over ten years as in those who 
had had the disease for less than one year. 
The dermatitides persisted for from one 
month to three years with a median dura- 

* Merck & Co. 


Schering Corp. 
t Merck & Co. 
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tion of three months. Severe albuminuria 
lasted for one month to two years with a 
median duration of four months. ‘Two 
deaths* occurred which could be attributed 
to the treatment, one due to aplastic anemia, 
the other to thrombocytopenic purpura. 
Two deaths occurred from other causes and 
could not be attributed to the use of gold, 
one following empyema of the gallbladder 
and the other a cerebral accident in an 
eighty-one-year old man. , 

Long-term Response to Treatment. ‘The term 
‘cure’ has been used in describing the re- 
sponse of a patient with rheumatoid arthritis 
to gold. Viewed over a three- to four-year 
period, it becomes obvious that such a term 
seldom, if ever, should be used. 

Eleven per cent of these patients showed 
no improvement with gold. Our experience 
would indicate that if a patient shows no 
response to 2,000 mg. of gold compound, 
further use of gold will bring about no im- 
provement. Some of our patients have re- 
ceived 3 to 4 Gm. of gold compound with 
no improvement. 

Thirteen per cent of the total group are 
still without symptoms of active rheumatoid 
arthritis from forty-five to seventy-eight 
months after the last injection of gold. 
However, 75 per cent did relapse. These 
relapses took place from one to fifty-eight 
months after the cessation of treatment. In 
general, the relapse was less severe than the 
original arthritis, but in all it was definite. 
The response to therapy with gold usually 
follows a clear-cut pattern and the relapse 
follows a similar pattern in reverse. Under 
treatment, the first symptom to subside is 

* Gold has been used in this clinic for six years and 
we have treated 460 patients with gold compounds. 
These two deaths are the only ones we have had. The 
last received gold in 1942. Thus the treatment mortality 
in this group of 142 patients is misleading and corrected 
it should be 2 out of 460 or 0.4 per cent. The patient 
who died of aplastic anemia had several factors which 
might also have contributed, viz., carcinoma of the 
cervix which had been treated with radiotherapy, and 


syphilis treated with arsenic and bismuth. At the present 
time, we would not give such a patient gold therapy. 


| | | 
|} ents | | 
| No. | Per No 
| | | Cent 
| 
| 
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EE] Marked improvement 
Slight improvement 


No relapse 45-78 mos. 


NUMBER OF PATIENT 


i2 18 24 30 36 42 48 54 60 
MonTHS 


Fic. 1. 
following cessation of gold therapy. It is to be noted 


The month during which relapse occurred 


that there is a tendency for patients with marked im- 
provement to relapse at a later date than those with 


slight improvement. 


pain, the last stiffness. During a relapse, the 
first to reappear is stiffness to be followed 
later by pain. Swelling, redness and heat 
are variable. Generally, the sedimentation 
rate, if elevated, falls slowly but in a relapse 
the sedimentation rate may rise quite pre- 
cipitously. ‘The relapse rate bears no relation 
to the duration of the disease prior to 
therapy. Table 1 shows the percentage of 
TABLE II 


RELATION OF DURATION OF DISEASE TO THE DEVELOPMENT 
oF (1) Toxiciry, (2) THE RELAPSE RATE 


Duration of Disease Before Institution of Gold 


| More 

5 j 

Y than | Total 
110 Yr. 


No. of patients. . : 21 
Per cent in whom signi- 

ficant toxicity devel- | 


Per cent who relapsed 7 | 76 


relapses in the various groups in relation 
to the duration of the disease. ‘The time of 
relapse bears a closer relationship to the 
type of improvement achieved on the first 
trial with gold compounds. Thus of the 
fifty-four patients showing slight objective 
improvement, a relapse occurred in one to 
thirty months, with a median of five months. 
In the group of fifty patients showing 
marked improvement (really arrest), a re- 
lapse occurred in one to fifty-eight months, 
with a median of eleven months. ‘Two pa- 
tients showing slight improvement and six- 
teen showing marked improvement have 
not relapsed at this writing. ‘This is shown 
graphically in Figure 1. 

Factors which account for relapse are not 
clear The eighteen patients who have not 
relapsed at this time have been followed 
from forty-five to seventy-eight months. 
Only nine of these have been followed sixty 
months or more and we have three patients 
who had definite relapses in their fifth year 
after treatment had ended. Thus only nine 
patients of the group or 6 per cent could 
be classified as five-year cures. This number 
is too few to be considered significant. In 
general, one should expect relapse in a pa- 
tient with rheumatoid arthritis who has had 
a remission with gold. 

It is a fair generalization to state that the 
relapse is not as severe as the original 
disease. It is of great importance to realize 
that the patient who relapses has an excel- 
lent chance of improving again on chryso- 
therapy. This is shown in Table 11. Because 


TABLE II 
RESULTS WITH SUBSEQUENT USE OF GOLD 


| Not | 
| Improved improved 
Again 


(Per Cent) 


Type of 
Improvement on 
First Course 


Not Tried 
(Per Cent) 


45 
74 22 


AMERICAN JOURNAL OF MEDICINE 


254 
| 
j 
| 
Ge 
j 
| YY 
| 


Chrysotherapy in Arthritis—Ragan, Tyson 


of various factors including toxicity, 27 per 
cent received no further gold after they had 
relapsed. Of the remainder (seventy-seven 
patients) 80 per cent improved again on the 
administration of gold. If this group is 
further broken down into those who showed 
slight and marked improvement with the 
original course, 95 per cent of those showing 
marked improvement improved a second 
time, whereas only 66 per cent of those 
showing slight improvement, improved 
again. Thus, if a patient shows marked 
improvement after the original treatment 
with gold compound, he will relapse, but 
will probably improve again on subsequent 
gold compound therapy. With this in mind, 
we have now instituted a program of main- 
tenance doses whereby a patient continues 
to receive gold at regular intervals indefi- 
nitely. ‘This is still under trial and no definite 
schedule has been worked out, but we feel 
that a severe and disabling relapse can be 
prevented. At present, after the initial 
course of gold, we are using amaintenance 
dosage of 50 mg. every two or three weeks.” 
The mechanism of the action of gold in 
the treatment of rheumatoid arthritis is still 
unknown. Various explanations have been 
propounded, including the bacteriostatic 
effect of gold,* and none are satisfactory. 
Freyberg* has shown that gold is excreted 
in the urine in measurable amounts for as 
long as ten months after cessation of therapy 
and the median month of relapse for the 
group is seven months. Thus, it is possible 
that there is a therapeutic level of tissue 
gold which must be maintained in order to 
keep in abeyance the process which is the 
cause of activity in rheumatoid arthritis. 
Psoriasis Associated with Rheumatoid Arthritis. 
Eight per cent of the 142 patients had ac- 
companying psoriasis.* This group has cer- 
* The psoriasis antedated the arthritis in six patients, 
thirteen to three years, a median of six. The arthritis 
antedated the psoriasis in four patients, four to one 


years, with a median of two. Psoriasis and arthritis 
appeared simultaneously in one patient. 
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tain features which set it apart from the 
group as a whole. Similarities were the sex 
distribution (80 per cent females); the age 
of onset of arthritis (sixteen to forty-one 
years, with a median of thirty); the duration 
of the disease (a median duration of three 
years); and toxic reactions which appeared 
in four, or 36 per cent. However, dissimi- 
larities were striking. The agglutination 
with group A hemolytic streptococcus was 
positive in only one of these 11 cases. 
The response to therapy was far from satis- 
factory. One is still well 68 months after the 
last gold injection. Four, or 36%, showed no 
improvement, and only 2, or 18%, showed 
marked improvement. The relapse rate and 
response to subsequent chrysotherapy were 
comparable to the group as a whole. 
Agglutination with Group A Hemolytic Strep- 
Since 1931, agglutination with 
group A hemolytic streptococcus” has been 
performed in this clinic on sera of all pa- 
tients with rheumatoid arthritis. In the 
eight years, 1931 to 1939, under the usual 
conservative treatment, we had observed a 
change from positive to negative in only 
one patient. Since the advent of chryso- 
therapy in the three and one-half years 
covered in this report, seventeen patients 
have changed from positive to negative. 


tococcus. 


COMMENTS 


A representative group of patients with 
rheumatoid arthritis who have been fol- 
lowed for at least 3 years shows that the 
disease process can be held in check in a 
large number by the use of gold compounds. 
The treatment is attended by a definite 
number of severe and disabling toxic re- 
actions. That gold is not a curative agent is, 
we believe, amply demonstrated. There is 
strong evidence that it influences some sys- 
tem whereby the activity of the disease 
process is diminished. It is suggested that 
the excretion of gold is followed by a renais- 
sance of activity of this process. ‘The nature 


‘ 
- 
‘te 
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of the process is not understood and un- 
fortunately no direct light is thrown upon 
this problem by the data presented here. 
However, we do have some indirect evi- 
dence. The amount of gold injected is small, 
an average of 1,250 mg. of the compound, 
and the response is striking. One may pre- 
sume that the gold inhibits some active 
process or system. When the gold is excreted, 
the system is reactivated to the original state 
and again can be inhibited by the adminis- 
tration of more gold. ‘The reversibility of the 
process is therefore its most striking charac- 
teristic. In certain patients who showed no 
improvement, one may postulate that the 
process had become irreversible and could 
not be influenced by the action of gold. The 
patients showing slight improvement were 
those with the least improvement on subse- 
quent administration of gold, suggesting 
that, in these patients, the process was tend- 
ing to become irreversible. Thus a theory 
can be postulated as to the mechanism of 
rheumatoid arthritis, namely, that some 
mechanism is set in motion which can be 
inactivated by gold, which becomes reacti- 
vated when the gold is excreted and which 
is again inactivated on the subsequent ad- 
ministration of gold. That this mechanism 
is bacteriological presupposes that the gold 
exerts a bacteriostatic effect.* A more satis- 
fying working hypothesis would be that the 
gold inhibits an enzyme system which be- 
comes reactivated when the gold is excreted. 


CONCLUSIONS 


1. A group of 142 patients with rheuma- 
toid arthritis treated with gold compounds 


has been studied over a period of three to 
four years. 

2. ‘The immediate response to treatment 
in this group corresponds to that reported 
elsewhere. 

3. The long-term response to therapy is 
discussed. Eleven per cent showed no im- 
provement, 75 per cent relapsed. Eighty 
per cent of those who relapsed and were 
treated again with gold improved again. 

4. Rheumatoid arthritis with psoriasis 
responds less favorably to chrysotherapy 
than rheumatoid arthritis without psoriasis. 

5. A theory for the pathogenesis of 
rheumatoid arthritis based on the response 
to gold is suggested. 

6. It is believed that patients with rheu- 
matoid arthritis treated with chrysotherapy 
who show improvement but no toxicity on 
the first course of therapy should be con- 
tinued for an indefinite period on a main- 
tenance dosage of gold. 
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EMORRHOIDS represent varicose di- 
latations of one or more radicals 

of the hemorrhoidal plexus of 

veins. Good results are obtained by the 
injection treatment provided cases are 
selected. This form of therapy is indicated 
only in uncomplicated internal hemor- 
rhoids. The high percentage of recurrence 
materially further limits its field of useful- 
ness. We respect the fact that a hemor- 
rhoidectomy properly performed is the 
procedure of choice. Unfortunately, various 
sequelae are encountered following the sur- 
gical removal of hemorrhoids, namely, hem- 
orrhage, immediate and remote, severe 
pain, anal stenosis, residual infection, ab- 
scess formation, fissure and recurrence of the 
hemorrhoids themselves. The occurrence of 
such is due largely to the operative technic, 
lack of knowledge of the anatomy of this 
portion of the anorectum, the pathologic 
process itself, unnecessary trauma, failure 
to preserve adequate anal and perianal 
skin, inclusion of the sphincter muscle in the 
clamp and suture and inadequate after-care. 
Because of the severe postoperative pain 
following hemorrhoidectomy, a technic was 
devised by us which has proved of value, 
not only toward the avoidance of pain, but 


also in the elimination of complications and 
sequelae. 

Under low lumbar analgesia and with 
the patient in the jackknife position, a re- 
tracting speculum is introduced and the pile 
masses are drawn outside the anus in their 
respective quadrants. Additional hemostats 
are applied to the hemorrhoids to bring into 
view as much tissue as possible without un- 
due tension. If external hemorrhoids are 
present, a small elliptic incision is made on 
each hemorrhoid in such a manner that it 
begins at a point just distal to the anorectal 
line, and is carried one-half inch beyond 
the tip of the external pile mass. ‘The skin 
on either side of the hemorrhoid is elevated 
with fine forceps and the underlying tissue 
separated with small, blunt-tipped curved 
SCisSOrs. 

The hemorrhoid is elevated and blunt 
dissection is begun at the apex where the 
two incisions are joined. The adjacent veins, 
which have been freed on either side are 
now drawn medially by an assistant and 
the operator continues with the blunt dis- 
section on the surface of the external 
sphincter muscle. When the inner edge of 
this muscle is encountered, a small right- 
angle retractor is placed to draw the muscle 


* Read before the Cambria County Medical Society, Johnstown, Pa. f From the Department of Proctology, Temple 
University Hospital, Philadelphia, Pa. 
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gently from the field of operation. A Smith 
hemorrhoidal clamp is placed on the inter- 
nal hemorrhoidal mass in the longitudinal 
axis of the bowel and the mass cut away. 
A suture of No. 0 chromic catgut on a small 
curved needle is introduced one-quarter 
inch from the tip of the clamp and tied; 
the free end serves as an anchor. The base 
of the hemorrhoid is sutured beneath the 
clamp from side to side and continued to 
the opposite end of the hemorrhoidal base 
which lies immediately over the edge of the 
external sphincter muscle. The clamp is re- 
moved as well as the retractor and the 
muscle permitted to return to its usual 
location. It is unnecessary to approximate 
the cut edges resulting from the excision of 
external hemorrhoids, inasmuch as_ they 
fold together nicely as soon as the tonicity 
of the sphincter is restored. 

Immediately on the patient’s return to 
his room, the foot of the bed is elevated for 
six hours where a hypobaric (light) anal- 
gesic solution is used intraspinally. Liquids, 
a light soft diet and smoking are permitted. 
Compresses wrung out in hot boric acid 
solution are applied continuously. At night 
these may be supported by a hot water 
bottle. Morphine sulfate 14 gr. or dilaudid 
gr. 149 is given only if necessary. The blood 
pressure in both arms is recorded every hour 
for six hours. The patient is permitted out 
of bed the following day. An aqueous solu- 
tion of 1 per « nt gentian violet is applied 
on a glass rod. Liquid petrolatum is given 
by mouth once daily for approximately one 
week. On the second postoperative day, 
an enema of warm saline or olive oil is 
administered through a No. 14 soft rubber 
catheter. Milk of magnesia (one-half to one 
ounce) is given by mouth daily thereafter. 
A house diet is prescribed and hot sitz baths 
thrice daily at a temperature of 110°r. and 
at a depth of six inches for five minutes are 
begun. 
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When discharged on the third or fourth 
postoperative day, the patient is advised 
to continue with the sitz baths and employ 
cotton tissue rather than toilet paper. The 
lubricated gloved finger is introduced five 
to seven days from the time of operation. 


ABSCESSES 


Anorectal abscesses demand surgical in- 
tervention. In the past it has been our 
custom simply to incise and drain unilateral 
and bilateral abscesses of the ischiorectal 
type. Later the fistula was corrected. In an 
effort to avoid multiple operations and pro- 
tracted periods of hospitalization and con- 
valescence, an attempt is now made to 
locate the primary or internal opening at 
the first sitting. In this type of abscess, the 
anorectal line is carefully examined, visibly, 
digitally and by means of a hook, for an 
ulcer, a crypt or a breech in the continuity 
of the skin or mucous membrane. 

At the maximum point of fluctuation and 
beyond the outermost border of the external 
sphincter muscle, a stab wound is made into 
which a flexible metal probe is gently intro- 
duced toward the primary opening. The 
skin incision is carried to such a point that 
excision of the fistulous tract is at right 
angles to the fibers of the external sphincter 
muscle. The skin over the abscessed cavity 
is then widely excised to permit adequate 
drainage. A single strip of vaseline gauze 


may be placed in the fistulous wound for a 
period of twenty-four hours. It should be 
mentioned that for the novice this procedure 
is not to be recommended. It is better simply 
to incise and drain the abscess and later 


remove the fistula. We have performed this 


maneuver in selected cases in_ several 
hundred instances and have seldom en- 
countered a recurrence. Operative wounds 
are rarely packed and never for more than 
forty-eight hours. Hot sitz baths are em- 
ployed thrice daily. 
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BENIGN GROWTHS 


Adenoma and papilloma of the rectum 
are not uncommon. In our series there have 
been twenty-nine cases in the young of 
which nineteen were boys and ten were 
girls. The ages ranged from fourteen 
months to eleven years. All lesions were 
located in the rectum or sigmoid colon. 
Twenty-one were visualized through the 
sigmoidoscope, and eight by roentgenologic 
studies employing opaque enemas and in- 
flation of air. In the adult, these are usually 
observed during routine examinations but 
occasionally patients present themselves 
because of bleeding. With polypoid growths 
of large size pressure or obstructive symp- 
toms are usual. When biopsy shows no signs 
of malignancy, destruction by fulguration 
may be instituted; especially is this true in 
children. Local excision may be employed 
in selected cases by a rectal approach. 
Polypoid lesions in the sigmoid require 
sigmoidotomy or transcolonic excision. Ses- 


sile processes which are usually detected 
by umbilication of the bowel are best 
removed by segmental resection. 


MALIGNANCIES 


Cancer of the rectum and sigmoid repre- 
sents approximately 80 per cent of all intes- 
tinal malignancies. In the male, it is second 
only to that of the stomach. It is difficult to 
state accurately whether cancer is on the 
increase; certainly today this disease process 
is being observed with greater frequency. 
There are several reasons that may serve to 
explain this: first, improvements in diag- 
nostic technic and the more widespread 
use of these methods; and second, patients 
are transitioned over the gaps of intermedi- 
ary illnesses and therefore reach an age 
when cancer is more common. 

A few years ago it was our privilege to 
review the literature on the incidence of 
malignancy of the anus, rectum and sigmoid 
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in youth. One hundred twenty-three au- 
thentic cases were found below the age of 
twenty. Two cases that came under our 
observation were males. The first, four 
years and seven months old, had an adeno- 
carcinoma of the rectum. The adenocarci- 
noma was resected and the patient is well 
six years following the operation. ‘The sec- 
ond, three years and 8 months of age, had 
a reticulo-endothelial sarcoma of the rectum 
which was resected, but the patient suc- 
cumbed seventeen months later. It seems 
expedient to state, therefore, that while the 
majority of cases of rectal and sigmoidal 
malignancy are encountered between the 
fortieth and sixtieth years, they may be 
observed at any age. In fact, we would 
rather say ‘“‘there is no cancer age.” 

There are no pathogonomonic symptoms 
of rectal or sigmoidal malignancy, but there 
are complaints that are highly suggestive. 
The passage of blood, bright or dark red in 
color, occurring at, following or independ- 
ent of the defecatory act, must be looked 
upon as a symptom of bowel malignancy 
until proved otherwise by various diagnostic 
means. Change in bowel habit, progressive 
constipation, alternate constipation and 
diarrhea, early morning diarrhea, incom- 
pleteness of evacuation, urgency and fre- 
quent desire for stool are suggestive of this 
dreaded malady. 

One must be mindful that approximately 
78 per cent of cancers involving the anus, 
rectum and sigmoid are within reach of the 
examining finger. Therefore, following a 
careful history, digital examination is of 
utmost importance. By proctosigmoido- 
scopy, with proper cleansing of the bowel, 
the entire rectum, lower and midsigmoid 
may be visualized in over 90 per cent of the 
cases examined. The presence of a fixed, 
nodular cauliflower-like growth involving 
the mucosal wall or a deep excavating ulcer 
with everted edges will serve to make the 
diagnosis. A biopsy may be made for con- 
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firmation, and in addition, will disclose the 
type and grade of tumor. 

Where no lesion is demonstrated by care- 
ful digital and sigmoidoscopic examination, 
a roentgenologic study of the bowel, em- 
ploying an opaque enema, is invaluable. 

To cure cancer means early diagnosis and 
radical extirpation. It is definitely erroneous 
to assume that a malignant tumor of small 
size should be eradicated by a conservative 
operation or that one of large size should be 
removed by a very radical operation. 

The radical one-stage abdominoperineal 
resection, advocated by Miles in 1907, is 
still considered by many the procedure par 
excellence. It permits wide removal of the 
gland bearing areas, offers a low recurrence 
rate and a low mortality. It presents one 
great disadvantage, namely, the establish- 
ment of an abdominal colostomy. For this 
reason alone, innumerable patients jeopard- 
ize their lives by refusing what radical 
surgery might offer. The ingenious pro- 
cedure designed by Babcock in 1931 permits 
the same degree of wide excision of the 
malignant rectum and gland bearing areas 
with formation of a perineal anus in its 
normal location. By such, an abdominal 
colostomy is avoided. Approached through 
the abdomen and perineum (abdomino- 
perineal proctosigmoidectomy), the cancer- 
ous bowel is dissected free and the vascu- 
larized sigmoid drawn down to the site of 
the normal anus. Prior to January 31, 1946, 
of 430 patients with cancer of the rectum or 
sigmoid, resection by various means was 
carried out in 345, a resectability rate of 
88.0 per cent. Of this number “proctosig- 
moidectomy” was performed in 223 in- 
stances with fourteen deaths, a mortality 
of 6.2 per cent. With improvements and 
refinements in technic, preservation of the 
sphincter muscle has produced excellent 
results, in fact in our more recent cases the 
function may be described as practically 
that of the normal. The vast majority of 
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our patients are out of bed on the fifth or 
sixth day, discharged on the eleventh and 
return to work six to ten weeks following 
resection. 


PROLAPSE 


Except for those cases which present 
extensive procidentia and prolapse, the con- 
dition is seldom recognized, yet it is one of 
the most frequent entities to be encountered. 
Any factor, whether anatomic, mechanical 
or inflammatory, that tends to diminish the 
normal fascial, muscular or peritoneal sup- 
ports of the rectum, thereby increasing the 
motility, is conducive to prolapse and/or 
procidentia. To one accustomed to the use 
of the proctosigmoidoscope with the patient 
in the inverted or knee-shoulder position, 
varying degrees of mucosal prolapse are 
easily discernible. Only too frequently these 
patients offer a history of chronic constipa- 
tion, an indeterminate type of pressure, a 
fullness or weight in the pelvis, and incom- 
pleteness on evacuation of the bowel. Care- 
ful examination discloses complete absence 
of the normal mucosal pattern, and partial 
or complete obliteration of the valves of 
Houston. Marked redundancy and redupli- 
cation of the rectal mucosa will be noted by 
digital examination and through the sig- 
moidoscope. Not infrequently the condition 
is associated with redundant sigmoid as 
evidenced by roentgenographic study fol- 
lowing an opaque enema. 

In children, prolapse is amenable to 
injections of quinine and urea hydrochloride 
or phenol in oil given in 14 cc. dosage cir- 
cumferentially at graduated levels. In 
adults, a modification of the procedure, 
advocated by Murietta in 1938, is ideal. 
The patient is placed in the inverted posi- 
tion under sacrocaudal or lumbar analgesia, 
and the prolapse of the anterior wall drawn 
taut longitudinally and clamped. The pro- 
lapse is excised and a running mattress of 
fine chromic catgut introduced beneath 
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the clamp. The suture line is inverted by a 
second catgut stitch. The posterior wall is 
drawn taut in a transverse fashion. Anchor 
sutures are placed at the extreme ends and 
as the prolapsed bowel is excised, clamps 
are applied to the cut edges of the mucosa. 
A running mattress of fine chromic is 
introduced and the resultant line of suture 
inverted by a second layer. Over 1,000 
patients have been operated upon by this 
method with gratifying results. In this 
series two cases of hemorrhage and three of 
stenosis were encountered. 

For procidentia, the surgical approach 
should be abdominal embodying fixation, 
obliteration and occasionally plication. 


CHRONIC ULCERATIVE COLITIS 


Chronic ulcerative proctosigmoiditis, de- 
scribed by some as_ thrombo-ulcerative 
proctosigmoiditis, is a condition frequently 
observed. Characterized pathologically by 
typical changes in the intestinal wall and 
clinically by its progressive course, the 


passage of frequent bloody, mucopurulent 
discharges, tenesmus, abdominal pain, and 
general lassitude, it is not difficult of diag- 
nosis. One should be mindful that 95 per 
cent of these cases have their origin in the 
rectum or lower sigmoid. This, itself, gives 
evidence of the necessity for proctosig- 
moidoscopy in routine examination. 

Early in the disease, the mucosa exhibits 
a rather diffuse hyperemia. As the process 
continues, edema and pitting of the mucosa 
is apparent. Minute yellowish abscesses may 
be seen beneath the mucosal layer, which 
upon rupture form ulcers which give a 
moth-eaten appearance to the already 
granular lining of the membrane. In some 
cases an ironed-out or rounded appearance 
of the valve edges is discernible. At a later 
stage, confluence of these petechial ulcera- 
tions form large ragged areas. Fever of the 
septic type is not uncommon, especially 
during the acute stage, or in exacerbations 
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of the chronic. Ordinarily the blood count 
discloses a secondary anemia and a mild 
leucocytosis. In all these cases it is highly 
expedient to study the case thoroughly in 
order to rule out a specific influence. Smears 
are made by scraping the rectal mucosa 
and vaccines prepared when pathogenic 
organisms are found. An opaque enema is 
administered for the purpose of determining 
the upper extent of the disease process. In 
febrile cases, bed rest is imperative. Factors 
influencing the physical and mental status 
of the individual are corrected. In fulminat- 
ing cases, parenteral feeding is employed, 
otherwise a diet that is of low residue, bland, 
high in calories, vitamins and proteins, yet 
low in starch and sugar is prescribed. We 
have found that frequent small blood 
transfusions have proved most efficacious. 
Locally, where the process is confined to 
the rectum and lower sigmoid, gentian 
violet, 2 per cent aqueous solution through 
the sigmoidoscope with insufHation of sul- 
fanilamide has proved advantageous. Re- 
tention enemas of olive oil and cod liver oil 
may be judiciously used. For diarrhea, 
kaomagma, kaopectate by rectum and by 
mouth is usually satisfactory. A mixture of 
bismuth subcarbonate 31 in warm olive oil 
31v by rectum three or four times daily is 
beneficial. 

Vitamin therapy has proven to play a 
most important part in the melioration 
of this condition. Vitamin A, 100,000 
units intramuscularily, vitamin B complex, 
containing thiamin chloride 20 mg., nico- 
tinamide 150 mg., riboflavin mg. 4, panto- 
thenic acid mg. 5, pyrodoxine mg. 10, 
twice daily. Sodium ascorbate 500 mg. 
daily is administered intravenously. This 
is continued during the period of hospi- 
talization. We have observed beneficial 
results witH neoprontosil, gr. 5, every six 
hours for ten days. Sulfathalidine has been 
employed in forty-seven cases; there were 
four reactions; improvement was observed 
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in thirty-five patients; twelve showed no 
benefit. 


PRURITUS ANI 


Pruritus ani is a syndrome embodying an 
alteration in the anal and perianal skin, 
due to irritation in the peripheral nerve 
endings, caused by some local or syste- 
mic disease. The chief symptom is itching, 
which is characterized by its chronicity, 
rebelliousness to treatment and tendency to 
recurrence. 

So long as there is no one specific cause 
of pruritus, just so long will there be no 
specific treatment. Much has been written 
and suggested for this distressing malady, 
and while the treatments have been worri- 
some and frequently unsatisfactory, the 
chief purpose in following any procedure is 
to allay the distress while attempting to 
seek the cause. The examination should be 
thorough and untiring, using every available 
means to find some influencing factor. 
Should any anorectal disorder be discovered, 
it must be corrected. Invariably, where such 
a pathological condition exists, its removal 
will result in definite improvement. Cleanli- 
ness is essential and may be accomplished 
by washing the anus and surrounding areas 
with warm water and castile soap twice 
daily and after defecation. Absorbent cot- 
ton is preferable to any toilet paper now 
in use. Irritations from tight clothing, tend- 
ing to rub the anal skin, should be avoided. 

Importance of the dietary régime should 
not be underestimated; not only are certain 
foods irritating of themselves, but the man- 
ner in which even bland foods are prepared 
and seasoned may render them unsuitable. 
Green vegetables, especially spinach, peas 
and carrots, are permitted, as well as pota- 
toes, milk, cereals and fruits, both fresh 
and stewed. Fowl and moderate amounts 
of unseasoned red meat may be taken. 
Water should be consumed liberally. Such 
foods as oatmeal, salt fish, oysters, clams, 
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crabs, lobsters, cheese, pickles and cucum- 
bers are interdicted. Excessive eating, the 
use of condiments, and overindulgence in 
alcohol are to be avoided, as well as a super- 
abundance of seasoning. 

Inquiry as to the general health and 
habits of the individual should be made. 
Fresh air, sunshine and rest are advocated 
for an impaired general condition. Tonics 
of iron, phosphorus, arsenic and cod liver 
oil may aid generally in improving the 
health. 

It has been shown that nervous irrita- 
bility in these cases should not be minimized, 
and for this potassium bromide, 5 to 10 gr., 
or phenobarbital, either the sodium salt, 
14 er., or the elixir, 14 to 1 dr. is given every 
three hours for a few days. 

Insomnia may be relieved by the use of 
one of the barbiturates, as luminal, 1 to 2 
gr., nembutal, 3 gr., or bromide, 10 to 20 
gr., using either the sodium or strontium 
salt. ‘he opiates are interdicted. 

Sluggish intestinal evacuations may be 
corrected by the use of one of the following 
given once or twice daily as necessary: 
Cascara sagrada, !4 to 1 dr., magnesium 
sulfate, 14 to 2 dr., liquid petrolatum, 14 
to 1 ounce; or enemas of plain hot water, 
salt water, or warm olive oil. As an intes- 
tinal antiseptic, the sulfocarbolate of zinc, 
5 gr. every two hours, is advocated after 
proper bowel function has been restored. 

Associated anorectal disorders, such as 
hemorrhoids, fistulas, cryptitis, papillitis, 
condylomas, skin tags, proctitis, etc., should 
be corrected. Helminths, as pin or thread- 
worms (oxyuris vermicularis) may be de- 
stroyed by use of santonin, 1 to 3 gr., or 
calomel, 2 gr. given for three successive 
nights. Where fungi have been demon- 
strated, the administration of potassium 
iodide, saturated solution, beginning with 
20 drops thrice daily and increasing one 
drop until the symptoms of iodism appear, 
is recommended. Thereafter, the dosage is 
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decreased slightly and continued for several 
weeks. Many patients improve upon reach- 
ing the saturation point and remain symp- 
tomatically free for varying periods of time. 
Whitfield’s ointment and Deek’s ointment 
(salicylic acid, 4 per cent, mercury sali- 
cylate, 4 per cent, oil of eucalyptus, bismuth 


subnitrate, 10 per cent, in a mixture of 


equal parts of lanolin and petrolatum) are 
of value. Rectal irrigations of lime water, 
quinine bisulfate, 1: 2000, infusion of quas- 
sia, 5 per cent; saline solution (1 ounce to 
1 pint of water), acetic acid, 14 to 1 per cent 
solution, and turpentine or benzine may be 
instituted. 

Dermatologic conditions, such as eczema 
marginatum and tinea trichophytina, may 
be eradicated by salicylic acid, 10 to 15 gr., 
to 1 ounce of petrolatum; crude coal tar, 
14 dr. to 1 ounce, liquor detergens, 14 dram 
to 1 ounce; or the following: 

R 


Acidi salicylici 
Acidi borici 
Alcoholis 


M. et ft. solutio. 
Sig.—Apply locally and allow to dry. 
In mild pruritus, the following may be 
used: 


R 
Phenolis 
Lotio calaminae, q.s.fl......... iii 


R 
Acetanilidi 
q-s. 
M. et ft. unguentum. 


In some cases, citrine or chloroform oint- 
ment will allay the itching. If the area is 
moist, dusting powders, as zinc stearate or 
calomel, may be used. The following is 
recommended: 


R 
Dithymol-diiodidi 
Bismuthi subcarbonatis......... Aili 
M. et ft. pulv. 
The skin should be washed with warm 


water and castile soap and dried before 
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the powder is applied. If the skin is thick 
and leathery, mercury, phenol, 1 to 5 per 
cent in lotion or ointment form and silver 
nitrate, 1 to 15 per cent are stimulating. 
Potassium permanganate, saturated solu- 
tion (2914 gr. in 1 ounce water), may be 
painted over the surface daily. Liquor 
potassae, solution of mercuric chloride or a 
10 per cent nitrate of mercury ointment 
have proved of value. If the skin is acutely 
inflamed, calomel and lime water may be 
applied: 
R 
Hydrarg. Chlor. mitis....... gr. xvi 
Liquor calcis q.s. Ziv 
Cracks, fissures, and excoriations may be 
treated by topical applications, using a 
glass rod or stick, of (1) phenol, 90 per cent 
solution, neutralized by tincture of benzoin; 
(2) silver nitrate, 10 to 20 per cent solution 
or stick, neutralized by tincture of iodine; 
(3) silver nitrate, 50 per cent solution, used 
alternately with citrine ointment; (4) pure 
ichthyol; or the following: 
R 

Phenolis 

Acidi salicylici 

Camphorae 


M. et ft. solutio. 
Sig.—Apply locally. 


Following the use of the foregoing pre- 
scription, when excoriations are healed, 
tincture benzoin may be applied, or the 
following: 


R 


Balsami peruciani 
Olei ricini 

In all cases, it is advisable to make a 
smear of the anal and perianal skin prefer- 
ably by means of a cellophane glass rod. 
Culture of the organisms and subsequent 
injections may effect a cure. 

Recently decided benefit has been ob- 
tained for patients with pruritus by regulat- 
ing the hydrogen ion concentration of the 
surface of the rectal mucosa. In pruritus the 
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concentration is usually above 7.5. After 
the administration of an acid-ash diet and 
a capsule of glutamic acid, hydrochloride 
er. 5 and pepsin gr. 1 with each meal, the 
hydrogen ion concentration is lowered and 
the symptoms abate in the majority of the 
cases. In the more refractory patients, it 
has been found advantageous to employ a 
nightly retention enema of 2 ounces of 
lactic acid (214 per cent solution) in a pint 
of water. With this form of therapy, other 
methods of treatment, particularly those 
contributing to cleanliness, are combined. 

Injection Methods. As is well known, alco- 
hol possesses a destructive effect on the 
nerve structures and for this reason has been 
employed in the treatment of pruritus ani. 
Stone advocated the subcutaneous injection 
of 95 per cent grain alcohol to destroy the 
terminal sensory filaments that supply the 
diseased area. In a few hundred instances 
we have employed varying strengths and 
amounts of alcohol and although many 
sequelae have been encountered such as 
abscess, necessitating free incision and 
drainage on one or more occasions, as well 
as a protracted convalescence, our con- 
clusions are that it is an excellent means 
toward the eradication of this distressing 
syndrome. Under sacrocaudal or sodium 
pentothal anesthesia, the parts are thor- 
oughly prepared, and 40 to 60 cc. of alcohol 
47.5 per cent are injected subcutaneously 
around the sphincter muscle. Other prepa- 
rations and solutions such as hydrochloric 
acid, benacol, distilled water, quinine and 
urea hydrochloric and anucaine, may be 
employed. 

The hypothesis of Besredka as applied to 
the pruritic syndrome entails the taking of 
cultures from the anal and perianal region 
of patients suffering from pruritus. The 
débris or scrapings before and after steriliza- 
tion are planted in hormone broth and 
incubated at 37.5°c. for seventy-two hours. 
After identification of the organisms, the 
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culture is passed through the Berkefeld 
filter and the antigen completed by the 
addition of 3 drops of tricresol 0.1 per cent 
solution as a preservative. The prepared 
autogenous vaccine is injected intradermally 
and subcutaneously into the pruritic area 
after cleansing of the surface with alcohol. 
Initially 5 to 6 minims is introduced and the 
dose gradually increased until 16 minims 
(1 cc.) are given. Injections are given every 
third day. Two to four areas are treated at 
each sitting. The writers instituted this 
treatment a few years ago as previously 
reported. 

The value of surgery in the treatment of 
pruritus ani is indeed problematic. Cer- 
tainly it should be resorted to only after 
co-existing disorders have been corrected 
and at least one or even two forms of the 
injection treatment have been given a fair 
trial. The operative means of combatting 
pruritus ani confines itself to (1) the removal 
of the diseased skin; (2) severance of the 
sensory nerve filament supplying that skin; 
and (3) division of the peripheral nerves 
following their identification by means of a 
faradic current. 


PILONIDAL CYSTS 


Pilonidal cysts and sinuses are encoun- 
tered with comparative frequency. Pain 
and discomfort of varying degree, swellings 
and mucopurulent discharge with incision 
and drainage on one or more occasions, are 
usually cited by the patient. Examination 
discloses one or more openings in the mid- 
line or adjacent skin overlying the sacro- 
coccygeal region. An inflammatory process 
presenting increased heat, swelling, tender- 
ness, induration redness and fluctuation, 
with pus discharging from the opening and 
perhaps a tuft of hair extending therefrom, 
leaves little doubt as to the diagnosis. 

The treatment is distinctly a surgical one 
and consists of the removal of the cyst and 
all tributary tracts. The relative merit of 
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closing or permitting the resultant wound 
to heal and fill in by granulation is and 
probably always will be a moot question. 
Over the ten-year period ending 1938, a 
series of 414 operative cases were studied 
in the proctologic clinics of the Graduate 
and Temple University hospitals. Conclu- 
sions drawn from this survey have estab- 
lished rather definite criteria for both the 
open and the closed methods. 

Pilonidal cysts and sinuses presenting 
acute abscess formation, and/or multiple 
tracts and openings and/or definite involve- 
ment of the sacrum or coccyx, are best 
excised in their entirety and left open to 
granulate in from the bottom. Recurrent 
cases fall in this category also. Conversely, 
pilonidal cysts and sinuses of small or 
moderate size presenting congenital mid- 
line openings, and devoid of an acute in- 
flammatory process with abscess formation 
may be sutured. In the latter, as in all cases, 
all existing pathological conditions must be 
removed, hemostasis complete and all dead 


spaces obliterated. For closure, interrupted 
sutures of No. 32 alloy steel wire placed in 
tier formation are introduced until the skin 
is reached. The skin itself is not approxi- 
mated. From 1938 until the present, 154 
private patients have been treated by the 
above criteria. All have been followed care- 


fully. In seventy of the 154 cases, the average 
period of hospitalization was three and 
three-fourths days; the average period from 
the date of operation until complete healing 
was noted as thirty-nine days or approxi- 
mately five and one-half weeks. 


LYMPHOGRANULOMA 


Probably the most fascinating disease 
entity drawn to our attention during the 
past decade and a half is lymphogranuloma 
inguinal or lymphopathia venereum. To 
us, it is of special interest by virtue of the 
fact that inflammatory stricture of the 
rectum, and esthiomene of the anoperineal 
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and anovulvar region, are most frequently 
due to the filterable virus of lymphogranu- 
loma venereum. Stricture of the rectum is 
an organic narrowing of the lumen of the 
bowel by fibrous tissue involving the mucous 
membrane, submucosa and muscular coat. 
It is characterized by progressive constipa- 
tion, tenesmus and mucopurulent discharge. 
Rectal manifestations are more common in 
the female because of the distribution of the 
lymphatic network. The condition is more 
frequent between the ages of seventeen to 
forty, or the period of greatest sexual 
activity. Also there is a marked preference 
for the colored race. In our series were 1,124 
cases, 729 of which were negroes. 

It should be borne in mind that the 
inflammatory process may attack any layer 
of the rectum or the tissues outside its wall. 
If from within, the irritation results in 
erosion of the mucous membrane, upon 
which infection is superimposed. With con- 
tinuation of the etiologic irritant, the inflam- 
matory process becomes subacute and 
finally chronic in nature, so that the various 
layers of the rectum and tissues outside its 
wall are gradually involved by continuity 
and contiguity of structure. As a result of 
this chronic inflammation, much young 
fibroblastic tissue is deposited in the sub- 
mucosa as well as in the other coats, which 
gradually leads to thickening of the visceral 
wall. This in itself tends to encroach on the 
lumen of the rectum. By subsequent con- 
traction of the maturing fibroblastic tissue 
this thickening becomes markedly increased, 
so that there eventually results a firm, in- 
elastic, permanent narrowing, to which the 
term stricture is applied. 

On the other hand, if the initial focus is 
outside the rectum, as the writer believes 
is more frequently the case, the extramural 
network of lymphatics becomes invaded. 
As the inflammatory process gradually be- 
comes chronic, the mural tributaries, i.e., 
the intermural and intramural groups, are 
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invaded by extension. As a result of the 
inflammatory fibrous 
deposited in the various layers of the rectum 
so that thickening occurs which _ brings 
about narrowing of its lumen. As _ the 
process continues and additional fibroblastic 
tissue is deposited, subsequent contraction 
ensues, so that finally an organic stricture 
is formed. Erosions of the mucous mem- 
brane are noted, followed by ulcerations, 
and the surrounding mucosa appears altered 
and somewhat lusterless. ‘To the touch, the 
involved area is thick and firm, while later 
it feels leathery with loss of elasticity and 
distensibility. It is more or less irregular, 
markedly thickened, and the mucous mem- 
brane is found to be adherent to the tissue 
beneath. In the deeper layers of the stricture, 
fibrous tissue is seen involving all the coats 
of the rectum, although the greatest amount 
of involvement is in the submucosa. Fistu- 
lous tracts may be found passing through 
the perirectal tissues to adjacent structures, 
as the bladder, urethra, vagina or through 
the skin. Ulceration is usually marked and 
occurs early. The discharge is frequently 
abundant, mucopurulent and often san- 
guineous. Ulceration rarely exists at the level 
of the stricture except in the tubular variety, 
which is seen routinely through the stricturo- 
scope and at autopsy. 

A history of constant soiling by feces, 
blood and pus is suggestive of an inflamma- 
tory stricture, especially when cited by a 
colored female between the ages of twenty 
and forty. Although the diagnosis by inspec- 
tion is not absolute, it offers to the careful 
observer a very good idea of the pathological 
condition present. Not infrequently, the 
region about the anus is moist and glued 
together by the thick mucopurulent dis- 
charge. Upon separation of the buttocks, 
fecal matter mixed with blood and pus may 
be seen seeping through the anal orifice. 
Hypertrophied skin tags, condylomas of 
various sizes, and one or more fistulous 


process, tissue 1s 
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openings are not uncommon. Since ap- 


proximately all inflammatory strictures 
of the rectum are within reach of the finger, 
the diagnosis should not be difficult. As the 
gloved finger is inserted into the anal canal, 
some degree of muscular relaxation will be 
noted in long-standing cases, due to fatigue 
of the external sphincter, yet gentleness 
should attend this procedure, since pain 
and discomfort are not unusual. As the 
finger is advanced the stricture will be felt 
as a firm inelastic narrowing, usually in- 
volving the entire circumference of the 
rectum. If the lumen of the stricture is of 
sufficient size to admit the tip of the index 
finger, the finger usually can be passed to 
its entire length. However, such introduc- 
tion should be attended by great care, since 
forcible insertion not only causes pain but 
is dangerous, because the diseased tissue is 
so friable that hemorrhage and perforation 
may ensue. Through an ordinary procto- 
scope the stricture, or, in the case of the 
tubular variety, the lower border of the 
stricture, is noted by its pale, leathery, and 
thickened appearance. In each case, especi- 
ally if the stricture is located in the sigmoid 
or at a high level in the rectum, roentgeno- 
grams should be taken after an opaque 
enema. 

In 1925, Frei, of Berlin, introduced a 
cutaneous test for this disease which has 
proved of distinct diagnostic value in in- 
guinal adenopathies and anorectal syn- 
dromes. More recently we have employed 
the chick embryo antigen (Lygranum) and 
have found it more specific. Use is made of 
yolk sacs harnessed from chick embryos 
moribund or recently dead from infection 
with the agent of lymphogranuloma ven- 
ereum and containing the agent in high 
concentration free from contamination with 
other micro-organisms or viruses. ‘The 
technic for testing patients diagnostically 
is the same for both antigen and antigen 
control. After preparing the skin of the fore- 
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arm with alcohol, 0.1 cc. of each material 
is inoculated intradermally into the forearm 
and the reaction is read at forty-eight and 
seventy-two hours by measuring the diame- 
ter of the resulting papules. A papule 6 by 
6 mm. or greater indicates a positive reac- 
tion providing the papule produced by the 
antigen control is 5 by 5 or smaller. Of 
twenty-four intradermal tests, twenty-two 
positive reactions were observed which were 
confirmed by clinical and histopathologic 
study. 

In every case effort must be made to 
ascertain the cause and any influencing 
factor in order that treatment may be in- 
stituted accordingly. For instance, if syphilis 
co-exists, proper antiluetic treatment should 
be given even though it has no effect on 
the fibrotic stricture; if the patient is tuber- 
culous, measures should be directed thereto. 
Attempt should be made to build up the 
constitution of the patient, since there are 
usually varying degrees of weakness and 
loss of weight. The diet should be nutri- 
tious and composed of foods which leave 
little residue. Ordinarily a low residue diet 
in four feedings is composed of protein 
120 Gm., carbohydrates 400 Gm. and 
fats 50 Gm., supplemented with amino 
acids 15 per cent solution. Instillations of 
ichthyol, 214 to 5 dr. (10 to 20 cc.) of a 25 
per cent aqueous solution twice daily are 
soothing to the mucous membrane and will 
assist in diminishing tenesmus. 

Perineal excision preceded by a perma- 
nent colostomy is applicable for all varia- 
tions of stricture of the rectum. The 
procedure recommends itself because it is not 
so formidable as other types of excision, and 
irrigations through the distal colostomy 
loop may be instituted. Fifty-one such 
operations (Lockhart-Mummery technic) 
have been performed by one of us (H. E. B.) 
with one death (1.9 per cent), twenty-four 
of which were previously reported. A num- 
ber of abdominoperineal extirpation (Miles 
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technic) have likewise been done with one 
death. Negroes, are loath to accept an 
abdominal stoma because of their age 
group and their type of occupation so that 
in their race, too, we have found it desirable 
to perform an abdominoperineal resection 
(proctosigmoidectomy) without colostomy 
and with preservation of the sphincter 
musculature. This technic has been em- 
ployed in nineteen patients; and while 
convalescent period in some instances was 
quite protracted, there were no deaths. Of 
course, in the presence of pararectal ab- 
scesses and fistulas with free suppuration, 
incision and drainage is indicated followed 
later preferably by a two-stage interval 
resection. Preliminary x-ray therapy was 
used in a small series of cases for the purpose 
of demonstrating the size of infection; the 
results were highly satisfactory. 


ANAL STENOSIS 


During the past few years many cases of 
anal stenosis have been observed usually 
as the result of removing ‘‘too much skin” 
at the time of operation. In our operations 
for cancer “‘proctosigmoidectomy’’ where 
the sigmoid is drawn through the anal ori- 
fice, we have experienced more than an 
occasional case of narrowing at the junc- 
tion, so that an ample opportunity to 
employ various technics for correction has 
been afforded. The method devised by 
Martin of Detroit has proved of special 
value and has been utilized in over 250 
cases without a single failure. The technic 
is simple and consists of mobilizing a small 
portion of the mucous membrane immedi- 
ately above the stenotic\area and preferably 
in the posterior phase. A slit through the 
stenosis in this site is made following which 
the mobilized mucous membrane is tacked 
to the marginal wound with two or three 
interrupted sutures of chromic catgut. 
Subsequent dilatation has at no time been 
necessary. 
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HE physiologic basis for the use of 

penicillin aerosol and negative pres- 

sure in sinusitis may be stated as 
follows: A negative pressure of approxi- 
mately 60 mm. Hg is intermittently pro- 
duced in the sinuses during the inhalation 
of a fine mist of penicillin. Air withdrawn 
from the sinuses during the suction cycle is 
replaced by penicillin aerosol when the 
pressure in the nose becomes positive. 
Aeration and drainage of the paranasal 
cavities, with deposition of penicillin on 
the mucous membrane, follows this pro- 
cedure unless the orifices to the sinuses are 
completely obstructed. 

In earlier studies on nasal inhalation of 
penicillin aerosol beneficial results were at 
times observed in patients with sinus in- 
fections."-* More favorable reports from 
inhalation of penicillin through the nose 
at atmospheric pressure have appeared, 
notably that of Vermilye.° Although venti- 
lation of the sinuses takes place in some 
instances during normal breathing by the 
slight negative pressure in inspiration pro- 
ducing a venturi effect in the orifices that 
lead to the paranasal sinuses, a more effi- 
these cavities was 


cient ventilation of 


achieved by creating a negative pressure 


of 50 to 70 mm. Hg in the nasal passages 
with immediate replacement of the air 
withdrawn by penicillin aerosol.® ‘The ap- 
paratus devised for this purpose and a re- 
port of its clinical effect in acute and chronic 
sinusitis indicated that this procedure had 
therapeutic 

The antibiotic effect of penicillin depends 
on the entrance of the nebulin of this drug 
in sufficient concentration to result in bac- 
teriostasis and on the presence of penicillin 
sensitive organisms in the sinuses. Previous 
experience with oral inhalation of penicillin 
in bronchiectasis and other bronchopul- 
monary infections has revealed the specific 
value of aerosol therapy in patients with 
infections caused by pneumococci, hemo- 
lytic streptococci and Staphylococcus 
aureus."'?>""9 At times improvement has 
been obtained in patients with bronchial 
infection due to Streptococcus viridans. 
Penicillin is known to be effective locally 
in high dilutions and has the advantage 
over chemotherapeutic sulfonamide aerosols 
previously used'*~'* in that this newer anti- 
biotic is not inactivated by purulent exu- 
dates or para-aminobenzoic acid. 

In cases of mixed infection, however, a 
favorable response to penicillin therapy 


* From the Department of Medicine, College of Physicians and Surgeons, Columbia University and the Presby- 
terian Hospital, New York City. This investigation was made possible by funds allocated to us by the Josiah Macy, Jr. 


Foundation. 


+ Representing Research Division, Bureau of Medicine and Surgery, U. S. Navy; and Medical Division, Chemical 


Warfare Service, U. S. Army. 
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frequently does not take place. This may 
be due to the pathogenic character of the 
organism, such as the colon bacillus, or it 
may be due to gram-negative bacteria 
which produce an enzyme that nullifies the 
bacteriostatic effect of penicillin, as Abra- 
ham and Chain’ first pointed out. The 
enzymatic nature of “penicillinase’’ has 
been substantiated by Woodruff and 
Foster.'® Meleney" has alsorecently demon- 
strated that para-chloralphenol is effective 
against gram-negative organisms and that 
when it is used in surgical mixed infections 
results in a marked increase in the clinical 
effectiveness of penicillin. In the first re- 
port on inhalation of penicillin aerosol in 
bronchopulmonary disease’ it was noted 
that the gram-positive organisms were gen- 
erally absent in the sputum culture after 
effective therapy and that gram-negative 
organisms were then’ found on culture, 
especially Bacillus aerogenes, pyocyaneous, 
proteus and coliform organisms. Our belief 
was that these organisms that appeared 
subsequent to treatment grew out more 
easily following the disappearance of gram- 
positive bacteria. Although gram-negative 
bacteria may not in themselves be patho- 
genic, the growth of these bacteria may at 
times prevent the beneficial activity of 
penicillin by the “‘penicillinase’”? mechanism 
referred to above. Recent experience in our 
clinic has tended to confirm this point of 
view. 

In a series of seventy-five patients with 
bronchiectasis treated by Olsen'® 50 per 
cent were found to be resistant to this drug 
and 50 per cent showed marked improve- 
ment. In eleven patients whose response 
has been poor, the addition of streptomycin 
aerosol resulted in the disappearance of the 
gram-negative organisms and conspicuous 
reduction in the volume and purulent char- 
acter of the sputum with corresponding 
clinical benefit. The striking cures obtained 
by Segal'® in pneumococcus lobar pneu- 
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monia reveal the effectiveness of penicillin 
aerosol in a single infection with a sensitive 
organism. Although mixed infections, such 
as are found in lung abscess as well as 
chronic pulmonary disease, are at times 
markedly benefited by penicillin aerosol,''® 
the newer findings on the significance of 
gram-negative organisms has encouraged 
the investigation of streptomycin aerosol as 
well as para-chloralphenol and sulfaceta- 
mide to be used in combination with 
penicillin. In requesting sputum cultures it 
seems important now to ask for the list of 
organisms present, especially the occurrence 
of gram-negative organisms. The bacteri- 
ology of all the micro-organisms found in a 
sputum would require a large amount of 
careful work and may not always be feasibie. 
However, the presence of organisms which 
have a gram-negative stain should be noted 
in the report, even if the exact nature of te 
bacteria may not be completely worked out. 

The antibiotic effect of penicillin nebulin 
introduced in the sinuses cannot be entirely 
separated from the effect of negative pres- 
sure itself, in that better aeration and drain- 
age might be of therapeutic value in itself. 
The value of reduced atmospheric pressure 
in a low pressure chamber was reported by 
Andrews, Roth and Ivy”? in the treatment 
of paranasal sinusitis. However, the em- 
ployment of negative pressure itself in the 
sinuses without an antibiotic might result 
in secretions entering uninfected sinuses 
without the protection of a drug that will 
act to inhibit bacterial growth. In the cases 
previously reported as well as the present 


‘series no instance of an infection of an un- 


infected sinus cavity has been observed 
when penicillin aerosol was used in con- 
junction with intermittent negative pressure. 


METHODS 


‘ 


The apparatus originally described® in- 
cluded a nebulizer with a rebreathing bag 
and cone-shaped glass nosepieces for nasal 


* 
Awe 
We 
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Fic. 1. Apparatus for penicillin aerosol with rebreathing and negative pressure. 


inhalation of penicillin. A glass venturi tube 
inserted in the rubber tubing from the 
oxygen cylinder was used for the production 
of positive pressure by oxygen flowing 
through the distal end and for negative 
pressure through the side arm. A specially 
constructed valve connected the nebulizer 
to positive pressure when its handle was 
upright and to negative pressure when it 
was turned downward.. The patient begins 
by taking three breaths of penicillin mist; 
the handle of the sinus valve is turned 
downward and he is then instructed to 
swallow. In this position the patient is con- 
nected with the side arm of the venturi and 
a negative pressure of 50 or 60 or more mm. 
Hg is produced, depending upon the flow 
of oxygen from the regulator. When the 
nasopharynx is closed a suction effect within 


the nasal passages is experienced by the 
patient and the nose is'drawn inward; the 
handle of the valve is turned upward, oxy- 
gen passes through the nebulizer and inha- 
lation of penicillin aerosol takes place again 
for three breaths.* (Fig. 1.) 

In a more recently developed apparatus 
negative pressure and a slight positive pres- 
sure is used. (Fig. 2.)f Penicillin is pro- 
duced during the phase of positive pressure 
and enters the nose while the patient breaths 
partly through the nose and partly through 
the mouth. The rebreathing bag is elimi- 
nated. After three breaths the valve is 
turned downward, the patient is instructed 

*The apparatus is made by Mr. F. F. Anderson, 
4652 Spuyten Duyvil Parkway, Bronx, 63, New York. 

{7 This apparatus is manufactured by the Oxygen 


Equipment Mfg. Co., 405 E. 62nd Street, New York 
City. 
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Fic. 2. Apparatus for penicillin aerosol without rebreathing and negative and positive pressure. 


to swallow and as soon as the experience 
of suction is felt, the valve handle is turned 
upward and the patient is then told to ex- 
hale through his nose. An expiratory valve 
which opens at a pressure of 20 mm. Hg is 
set in a glass trap designed for the collection 
of secretions that may be sucked from the 
nasal passages and sinuses. When the pa- 
tient exhales through his nose a moderate 
positive pressure is maintained by oxygen 
which carries a relatively dense mist of 
penicillin aerosol. In the positive phase the 
patient does not swallow and pressure on 
the Eustachian tube is thus everted. Since 
higher pressures than 20 mm. Hg were 
occasionally uncomfortable, the valve has 
been set to give this pressure. Penicillin 
may then be introduced into the sinuses 
when the negative phase is terminated by 
atmospheric pressure and also during the 
positive cycle. After the patient has exhaled 
through the nose three breaths are again 
taken in order to fill the nasal passage with 
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penicillin mist and the procedure is re- 
peated. 

The use of penicillin aerosol is at times 
followed by soreness and redness of the 
tongue or by a black coating on the tongue. 
It was previously found from studies on the 
oral administration of penicillin in water?’ 
that the tongue not infrequently showed 
the characteristic changes mentioned above. 
This took place to a lesser extent when the 
mouth was washed immediately after inges- 
tion of penicillin solution. Evidence is not 
at hand to explain the precise cause of 
sensitiveness of the tongue to penicillin, 
either in solution or in aerosol form, but it 
seems to be definitely related to the local 
effect of penicillin. 

Elimination of the larger sized particles 
in penicillin aerosol was tried to avoid this 
complication by connecting a baffle to the 
Vaponefrin nebulizer on which larger par- 
ticles would be precipitated, and then 
washed back into the nebulizer and re-used, 
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and by the construction of a nebulizer in 
which small particles were more Consis- 
tently produced. In addition, it was found 
more comfortable for the patient who in- 
haled penicillin orally to humidify the 
aerosol by placing hot water in the rebreath- 
ing bag and by having the rubber bag 
itself placed in a container of hot or boiling 
water. In the sinusitis apparatus the technic 
has been changed recently to include the 
instillation of hot water into the glass trap 
connected to the nose pieces. Although the 
nasal mucous membrane itself generally 
shows no signs of irritation with the inha- 
lation of 50,000 units of calcium or crystal- 
line penicillin per cc., exhalation of the 
mist over the tongue without the precau- 
tions mentioned above has at times resulted 
in either reddening of the tongue or the 
development of a black deposit on its sur- 
face. Studies are in progress to determine 
the effect of the two modifications men- 
tioned above: (1) the use of a small particle 
size aerosol and (2) humidification of the 
aerosol prior to entering the nose and 
mouth. When the rebreathing bag is punc- 
tured by a hole )4 inch in diameter, the 
excess oxygen and aerosol is eliminated. In 
the apparatus without the rebreathing bag 
the aerosol is exhaled through the nose. ‘The 
cause of the red or black tongue does not 
appear to be related to the concentration 
of the aerosol since it develops when peni- 
cillin is swallowed in solution with a con- 
centration of 500 units per cc. Whether this 
transient complication will occur with crys- 
talline penicillin remains to be seen; if it is 
due to a change in bacterial flora, the main 
remedy to avert it may be rinsing the mouth 
with water after each inhalation. A marked 
variation in individual susceptibility has 
been manifested since some patients have 
no such reaction after months of therapy 
and others will develop it in three days. 

In cases of chronic sinusitis treated in the 
hospital, or at home, the customary pro- 
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cedure has been the nasal inhalation of 
50,000 units of penicillin aerosol in 1 cc. of 
saline with negative pressure four times a 
day. In a few cases penicillin has been given 
systemically before retiring, either orally or 
by injection. In some patients with acute 
sinusitis, or with an acute exacerbation of a 
chronic sinusitis, a single treatment a day 
has been employed for a period of three 
days to two weeks. The indications for the 
frequency and length of treatment cannot 
be concisely outlined at this time, but in 
general it may be said that patients with 
chronic disease are more apt to require 
three or four treatments a day. 


EXPERIMENTAL RESULTS 


Experiments were conducted to deter- 
mine the pressures in the nasal passages 
and in the antrum during the negative 
phase of the treatment. Two patients who 
had persistent oral-antral fistulas following 
extraction of upper molar teeth were used 
as subjects.* A catheter attached to a mer- 
cury manometer was passed from the mouth 
into the antrum. Pressure readings for the 
nasal passages were obtained by connecting 
a mercury manometer to the glass nose 
piece. Pressure readings from a typical ex- 
periment were as follows: 


Pressures in Mm. Hg below 


Atmospheric 
Oxygen Flow 


Liters Per Minute 


| 
In Nasal Passages | In Antrum 
| 


The pressures within the antrum follow 
closely the pressures within the nasal pas- 

* These volunteers were obtained through the coopera- 
tion of Dr. Morris Hickey of the School of Dentistry. 
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4 40 | 36 

5 | 60 | 52 

6 | 90 | 64 
4 7 | 148 | 65 . 
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ages at oxygen flows of 5 liters per minute 
or below. At higher rates of flow negative 
pressure within the antrum reach a plateau 
and then do not materially increase. When 
the negative pressure in the nasal passages 
is excessively high the mucous membrane 
surrounding the ostium may be sucked in 
and occlude the opening. In some cases 
when the suction in the nasal passages was 
released and the pressure in the nasal pas- 
sages became atmospheric, a negative pres- 
sure of approximately 60 mm. Hg would 
persist in the antrum, dropping suddenly 
after ten or fifteen seconds. This would con- 
firm the view that the ostium may be tem- 
porarily occluded by too high negative 
pressure. 

The subjects with oral-antral fistulas 
were also used in experiments conducted to 
determine the amount of penicillin reach- 
ing the antrum during the treatment. Fol- 
lowing a treatment with 50,000 units of 
penicillin aerosol administered with the 
alternating pressure apparatus, 7.5 cc. nor- 
mal saline was introduced into the antrum 
through the catheter and withdrawn a few 
minutes later. Amounts of penicillin re- 
covered varied from traces to 70 units. 
These figures were found to represent only 
a portion of the penicil'in present, the re- 
mainder being absorbed or clinging to the 
mucous membrane. Thus, when 5,000 units 
of penicillin in 5 cc. saline were introduced 
through the catheter only 376 units could 
be recovered twenty minutes later, approxi- 
mately 7 per cent of the amount instilled. 

A second group of experiments was car- 
ried out to determine whether penicillin 
entered the antrum only in the form of an 
aerosol or whether the mist was deposited 
on the walls of the nasal cavity, including 
the external opening of the ostium, and 
sucked into the sinus in the form of a liquid 
during the phase following the release of 
suction. 

A subject was instructed to take three 
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inhalations of an aerosol containing 50,000 
units of calcium penicillin in 1 cc. normal 
saline. The nosepieces were removed and 
he inhaled three times through his nose and 
out his mouth; the nose pieces were replaced 
and suction was applied. The degree of 
negative pressure obtained in the antrum 
was measured by attaching the rubber 
catheter to a mercury manometer, and 
averaged 80 mm. Hg. The nose pieces were 
then removed until the manometer reached 
the zero mark and the cycle repeated sixty 
times. At the termination of this procedure, 
which required about thirty minutes for 
completion, the antrum was washed with 
three 8 cc. portions of normal saline. ‘These 
portions were pooled and an assay made 
for penicillin content. In one experiment 
16 to 20 units of penicillin were recovered; 
in a second 2 to 3 units. 

Penicillin may have lodged on the mucous 
membrane of the nasal passage near the 
sinus opening and then sucked inside the 
sinus during the negative pressure cycles. 

The inspiration of penicillin aerosol may 
also have created a venturi effect on the 
sinus opening and although expiration was 
through the mouth, traces of penicillin may 
have drawn into the sinus during succeed- 
ing inspirations of aerosol. 

A third group of experiments was con- 
ducted in order to determine whether or 
not an aerosol could be expected to deposit 
on the walls of a sinus if the mist entered 
the cavity. A nebulizer was connected to a 
y two inch diameter rubber tube 35 cm, 
long. A 10 cc. syringe with piston removed 
was attached to the other end. The syringe 
was filled with penicillin aerosol (concen- 
tration 50,000 units per cc.) and the con- 
tained mist then injected into a rubber 
catheter immersed in a 25 cc. glass graduate 
containing glass beads and filled with water. 
The procedure was repeated forty-five times 
and the contents assayed for penicillin. 
Following this the same procedure was 
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employed but with the catheter in the sub- 
jects antrum. After the completion of the 


procedure the antrum was washed as pre- 
viously described. ‘These results are seen in 
Table 1. 


TABLE I 


Interval after 
Completion of 
Procedure before 
Sinus Washed 


Total Units of Penicillin 
Recovered 


46 44— 55 (glass graduate) 
46 5 minutes 31— 41 (in antrum) 
46 hours 82-131 (in antrum) 
46 5 minutes 67-105 (in antrum) 


These results indicate that penicillin 
aerosol does lodge on the mucous mem- 
brane of the antrum and may be recovered 
from it from five minutes to two hours 
after it has been introduced by catheter 


and syringe. 
CLINICAL RESULTS 


The clinical results will be presented in 
the accompanying tables and case reports. 
These cases represent all cases in which the 
procedure was tried, including acute and 
chronic cases, with and without allergic 
factors as well as infaction. 

The clinical results of cases treated in the 
hospital or at home two to four times daily 
are summarized in Tables m and m. Dosage 
was 50,000 units in 1 cc. normal saline for 
each inhalation, unless specified differently. 
Of fifty-eight courses in forty-seven pa- 
tients, marked improvement took place in 
eighteen, moderate in seventeen, slight 
benefit in six and no improvement in 
seventeen. Of thirty-one patients x-rayed 
before and after treatment, nineteen showed 
significant improvement on x-ray exami- 
nation, eight no change and four showed 
increased involvement. In _ twenty-three 
cases in which comparative observation was 
present, the sputum or nasal culture showed 
disappearance of gram-positive organisms 
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such as: pneumococcus, Streptococcus hem- 
olyticus, Streptococcus viridans, Staphylo- 
coccus aureus and Staphylococcus albus in 
nineteen cases. Out of twenty-seven cases 
in which cultures were obtained after treat- 
ment, gram-negative organisms were found 
in twenty-four cases. 

The clinical results of clinic cases treated 
once daily are summarized in Tables tv 
and v. Of thirty-five patients, eleven showed 
marked improvement, thirteen moderate, 
eight slight and three no improvement. Out 
of twenty-six patients x-rayed before and 
after treatment, fifteen showed x-ray im- 
provement and eleven no improvement. 
inasal cultures before and after treatment 
N eighteen cases showed disappearance of 
some of the gram-positive organisms, but 
predominance in almost every case of some 
of the original gram-positive organisms, 
most frequently Staphylococcus aureus. 

The clinical results of cases treated in 
office practice once or twice daily are pre- 
sented in Table vi. Of twenty-nine courses 
in twenty-eight patients, ten showed marked 
improvement, thirteen moderate, three 
slight, and three no improvement. X-rays 
were taken before and after treatment in 
eight cases, showing some clearing in five 
and no change in three. 


Case 1. Chronic Sinusitis and Bronchial Asthma. 
A male, thirty-three years of age, had asthma 
for seven years. Past history included frequent 
upper respiratory infections and bronchitis in 
childhood. Allergy history included hay fever in 
the late summer, and skin sensitivity to numerous 
allergens. For the past year he had received 
hyposensitizing injections for ragweed, trees, 
mixed grasses with little relief. Dyspnea was 
present on exertion. He admitted having a 
chronic postnasal discharge with occasional nasal 
stuffiness and rare headaches. 

On admission to the hospital the patient was 
afebrile. He was moderately dyspneic and 
wheezed audibly. Significant findings included 
slight injection of the posterior pharynx with 
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TABLE II 
RESULTS IN HOSPITAL PATIENTS WITH SINUSITIS TREATED WITH PENICILLIN AEROSOL 
NEGATIVE PRESSURE 
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Course 


Addi- 
tional 
Peni- 
cillin 
Therapy 


Clinical 
Improve- 
ment 
Attribut- 
able to 
Penicillin 
Therapy 


chronic 
chronic 
chronic 
chronic 
chronic, 
acute 
chronic 
chronic, 
acute 
acute 
chronic 
chronic, 
acute 
chronic 
chronic 


chronic 


chronic 


chronic 


chronic 


chronic 


chronic 


chronic 


chronic 


none 
aerosol 
aerosol 


none 
none 


none 
none 


I.M. 


oral 
none 


marked 
moderate 
moderate 


moderate 
moderate 


marked 
marked 


none 


marked 
marked 


| slight 


moderate 
none 


none 


marked 


marked 


marked 


marked 


No. of 
Daily 
Inhala- 
tions 


Reactions 


Remarks 


4 


5 
(25,000) 
43 
4 


3 
(100,000) 
1 
4 


5 


4 
(100,000) 


4 
(100,000) 
5 


0 


Exacerbation of 
asthma 
0 
0 


0 
0 
0 


Sore, reddened 
tongue, aggra- 
vation of as- 
thma, urticaria, 
swollen joints, 
fever 105°F. 
Exacerbation of 
asthma 


Exacerbation of 
asthma 


0 


Asthma improved also. Re- 
ceived combination of mouth 
and nasal penicillin inhala- 
tions 
Previous antral opening 
Required ENT treatments for 
past few years 
Copious amounts of mucopus 
in trap. Acute infection 2 
months after 1st course 
Allergic rhinitis with superim- 
posed infection. 

Had required frequent antral 
irrigations. Recurrence 7 
months later following a 
common cold. Complete 
recovery 
Inadequate suction due to 
poorly fitting nosepieces. 
Symptomatic moderate im- 
provement on office therapy 

Course of I.M. penicillin sub- 
sequently ineffective 

Repeated antral _irrigations 
without improvement in past. 
-Later had bilateral Caldwell- 
operations. Reaction 
slowly responded to adrenalin 
and ephedrine 

Radical sinus -surgery and 
antral irrigations and poly- 
pectomy in past without relief 

Repeated antral irrigations in 
past as well as submucous re- 
section without improvement 

After course of therapy bi- 
lateral middle turbinectomy 
performed with removal of 
some of ethmoid cells. Two 
months later submucous re- 
section was performed 

Sustained improvement 


Radical sinus surgery 8 yrs. 
ago without improvement. 
Courses of I.M. and oral peni- 
cillin prior to admission with- 
out benefit. Submucous re- 
section prior to discharge. 
Re-entered with only mild 
symptoms 10 mos. after 1st 
course 
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|| 
| | | | | 
| Dura- | 
| tion of 
— Treat. | 
| (Days) 
| | | | 
1 | 1 10 0 | z 
3 | 3 21 | 0 
| | 
(2) 1 | | | 2 30 | 0 
3) | 1 | 4 0 
| | | 
oe 4 21 0 
(4)| 2 | 14 | 
(5) 1 | | | — | 13 
(6) | 2 10 
| por || 19 
| 
| | 
(8) | | none | 3 | 
(9) | 1 | 15 
| 
(10) | 1 | | none none 4 | 10 
(11) | 1 seems} ceed none 5 9 
wad 
(13) 1 I.M. 7 0 
(14) 11 23 0 | 
| 
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TABLE II (Continued) 


Case 


No. 


‘Wa 
| Course | 
| 


| 
| 


| 


| chronic 


| chronic 


| chronic 


| chronic, 


| acute 
| chronic | 


‘tional | 
Peni- 
cillin 


| Therapy} Penicillin 
| Therapy | 


| 


chronic | 


acute 
chronic 


chronic, 
acute 


| chronic | 


chronic 
chronic | 


| none 
| none 


chronic 
chronic 


| oral 
aerosol | 


chronic 


chronic, | 
acute 


chronic | none 

chronic, 
acute 

chronic 


none 


chronic, | I.M. for | 
acute | 2 days | 


| Clinical 
Addi- | Improve- 


ment 
Attribut- 
able to 


none 


slight 


none 


moderate 


moderate 


moderate | 


moderate 


none 


| moderate | 
moderate | 


|} none 


| marked 


| slight 
| marked 


| slight 


marked 


No. of 
Daily 


Inhala- Reactions 


| Sore reddened 


tongue, 


4 0 


(30,000) 
1 


| 
0 
| 


Exacerbation of 
asthma 


| Coated black 
tongue 


0 


Sore nostrils and 
throat 
0 


urti-| 
| Caria, aggrava- | 


Remarks 


Previously had radical sinus 
surgery. Beeswax penicillin 
I.M. prior to aerosol. Inhala- 
tions caused dyspnea because 
of emphysema 

Inadequate suction due to 
poorly fitting nosepieces 

| Previous frontal surgery. Poly- 

pectomy subsequent to peni- 

cillin therapy 

| Inadequate suction due to 

poorly fitting nosepieces 


tion of asthma | 


| Multiple allergies 


Previously treated with peni- 
cillin aerosol by mouth in- 
halations for infections as- 
thma. Radical sinus surgery 
and ENT treatment in past 
with moderate improvement 
Asthma much improved 


| Radical sinus surgery in past 
and repeated antral irriga- 
tions, without improvement. 
Residence in Arizona without 
| benefit 
| Polypectomy several yrs. ago, 
permanent antral openings, 
followed by other sinus surg- 
ery, no improvement. No 
relief in Arizona 
Resumed treatment without 
reaction after interval on sul- 
facetamide aerosol 
Poor suction due to perforated 
ear drum. Treatment com- 
bined with mouth inhalation. 
Later had polypectomy 
Antral irrigations prior to and 
| at start of penicillin therapy. 
| More symptomatic relief and 
| faster x-ray clearing after 
aerosol with suction started 
Previously had mouth inhala- 
tions for bronchiectasis 
Sustained improvement for 6 
months 


| Asthma relieved by fever ther- 


| 
| Sustained improvement 
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| | Dura- | 
Diag- | tion | | 
| 
| | | | ‘ 
(15) | 1 | none | none 4 7 | 0 
| | | 
| | | 
| 
| | | | | | 
6) 1 | ore | 2 | 0 
(17) 1 | IM. | 0 
| | | | | | 
| | | | | | 
| | | | | 
| | | | | 
(19) 1 none | 
o)| 1 | none | 2 
| | | 
| | 
| 
| | | | 
2 none |) | 0 
(22) 1 oral, —_ 4 | 23 0 
| LM. | 
1 Es none | none | 4 | 8 0 
(23) 2 aa none | none 3 14 0 
3 | none none 4 21 0 
“| 2 
2 2-3 14 
| 
(26) | 1 14 0 
| 
(27), 1 3 21 
(28) 1 | 2-4 15 
| (25,000) | 
| 
| 


Penicillin in Sinusitis—Barach et al. 
TABLE II (Continued) 


Course 


Addi- 
tional 
Peni- 
cillin 
Therapy 


Clinical 
Improve- 
ment 
Attribut- 
able to 
Penicillin 
Therapy 


No. of 
Daily 
Inhala- 
tions 


Dura- 

tion of 

Treat- 
ment 


(Days) 


Reactions 


Remarks 


(44) 
(45) 
(46) 


(47) 


acute 


chronic 


chronic 


chronic, 
acute 
chronic 
chronic 
chronic 
chronic 


chronic 


chronic, 
acute 


acute 


chronic 


chronic 


chronic 


chronic, 
acute 
chronic 


chronic 


chronic 


I.M. for 
2 days 


slight 


none 


moderate 


moderate 
slight 
marked 
moderate 
marked 
none 
marked 


marked 
none 


moderate 


moderate 


moderate 
marked 
marked 


none 


0 


Exacerbation of 
asthma 


Urticaria 


Sore reddened 
tongue 


0 


Nausea, vomit- 
ing and fever 
Black coated 
tongue 
0 


Allergic rhinitis with superim- 
posed infection 

Previously had single daily 
treatment in clinic for 1 week 
without improvement. Radi- 
cal sinus surgery in past with 
temporary improvement 
Reaction occurred after peni- 
cillin changed from the cal- 
cium to crystalline potassium 
salt 

Allergic rhinitis 


Symptoms of sinusitis without 
confirmatory x-ray evidence 
Improvement in symptoms re- 
ferable to bronchiectasis also 
Previously treated at home 
with improvement 

Marked improvement in as- 
thma also 

Treated at home, unimproved, 
required surgery later 

Previous I.M. penicillin and 
antral instillations of penicillin 
without benefit 

No severe recurrences 

Increased watery nasal dis- 
charge and sneezing. Poly- 
pectomy later 

Marked improvement at first 
until reaction occurred. Sul- 
facetamide substituted, In- 
creased wheezing later 

X-ray improvement subse- 
quently when crystalline sodi- 
um penicillin used 

Treatment followed by 15% 
sulfacetamide aerosol 

Asthma also improved 

Marked improvement _ sus- 
tained 6 months 

Followed tooth infection 


Laboratory data were as follows: hemoglobin 
‘14.3 Gm., red blood count 5,330,000, white 
blood count 7,600 with P 53 (0-12-41), L 38, 
E 16, M 3; ESR 73 mm. after 1 hour. Sputum 
culture: Streptococcus viridans predominating. 
Chest x-ray revealed increased radiolucency of 


lymphoid hyperplasia. Chest showed some in- 
crease in the anteroposterior diameter with the 
use of accessory muscles of respiration and poor 


diaphragmatic motion. Lungs were hyper- 
resonant with scattered sibilant rhonchi in both 


phases of respiration. 
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oO. nosis 
| 
(31) 1 none 2-3 10 
(32) 1 | none 4 14 
| | | 
(34) | 1 none 4 4 0 
(35) 1 none 4 12 0 ‘ 
(36) 1 none 4 | 21 0 
(37) 1 none 4 5 0 ; 
(38) 1 none + | 25 0 
| 4 14 0 
(40) 1 P| | none 4 f 0 
| 
(41) 1 none 3-4 10 0 
(42) 1 | ME | none 4 10 0 
(43) | 1 onone 4 20 
2 none 4 10 0 
oral 3 12 
1 none 4 12 
> 
1 | 4 18 
1 none | 3-4 14 | 
4 


Penicillin in Sinusitis—Barach et al. 
TABLE III 


TREATED WITH PENICILLIN AEROSOL 


X-RAY CHANGES AND SPUTUM CULTURE IN HOSPITAL PATIENTS WITH SINUSITIS 
AND NEGATIVE PRESSURE 


Course 


1 
1 


1 


1 


Before Treatment _ | 
0 
Proteus, 
O. pneumoniae 
0 


Strep. viridans 


| Strep. viridans 
| No growth* 


| Pneumococcus, 
type 19 
Staph. aureus, B. sub- | 
tilis 


B. Friedlander 


Non-hemol. Strep. 


Strep. viridans 


Strep. viridans 
Hemol. Strep. 


B. proteus 


Staph. aureus * 
B. coli 


Staph. albus 


Hemol. Staph. aureus Bz 
| B. 


D. pneumoniae 
Staph. aureus 
B. alkaligenes 


0 
Strep. viridans 

0 

0 

0 


Hemol. Strep. 
D. pneumoniae 


Hemol. B. pyocyaneus | 


B. aerogenes 


Sputum Culture 


B. 


B. 
0 B. 


After Treatment 


0 
0 


0 


. aerogenes 


. coli 
. aerogenes * 


. aerogenes 
. coli 
. coli 


aerogenes 


. aerogenes 
0 
aerogenes 
coli 
aerogenes 
0 
0 


. coli 
0 


. aerogenes 


0 
0 
aerogenes 


aerogenes 
0 


0 | Staph. auerus 


_ X-Ray Examination 


| 
_| Before Treatment 
| Pan-sinusitis 
| Both antra clouded 


| Diffuse clouding of eth- 

| moids 

| Diffuse clouding of rt. an- 

| trum, slight clouding of It. 

antrum and ethmoids, dif- 

| fuse clouding of sphenoids 

| Clouding of both antra 

| Clear 

| Marked clouding of both | 

| antra with suggestive fluid | 
levels, clouding of eth- 

| moids, slight clouding of 

sphenoids 

| Marked clouding of rt. an- 
trum, mod. clouding of It. 

| antrum 

| Clouding of all sinuses with 

| fluid levels in antra 

| Clouding of all sinuses 


| 


|Clouding of left antrum 
| and left ethmoids 
Marked thickening of lin- | 
| ing membrane of both an- | 
| tra, and clouding of all | 
| other sinuses 
Homogeneous dense cloud- 
| ing of all sinuses 
| Opaque left frontal, cloud- 
| ing of ft. frontal. Both an- 
| tra opaque. Clouding of 
| ethmoids and sphenoids 
| Clouding of antra, eth-| 
| moids and frontals 
|Clouding of antra and | 
| some ethmoid cells 
| Marked thickening of lin- 
ing membrane of both an- 
tra. Clouding of ethmoids 
| No change 
Pan-sinusitis 


| 


Pan-sinusitis 


| Pan-sinusitis 

| Pan-sinusitis 

| Pan-sinusitis 

| Pan-sinusitis 

| Moderate clouding of both 
| antra 

| Clouding of antra 


| Pan-sinusitis 
Pan-sinusitis 


| Pan-sinusitis 


After Treatment 


0 
0 


Clearing of ethmoids 


Modern clearing of antra 
and ethmoids, complete 
clearing of sphenoids 


Clearing of antra 

0 
Marked clearing; no evi- 
dence of fluid, and only 
slight residual thickening 
of lining of antra 


Clearing of both antra 


Progressively higher fluid 
levels 
0 


0 


Both antra almost filled 
with fluid, no change in 
other sinuses 


No change 


No change 
0 


10 days later: Less marked 
thickening of lining mem- 
brane of right antrum 


No change 


No change except develop- 
ment of fluid level in It. 
antrum 

0 
No change 
Moderate clearing 
0 
Clearing of antra 


0 


0 
No change 


* Nasal culture. 
Tt Throat culture. 
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(1) | 
2 
; 
2 (6) 1 B 
2 0 0 
} 2 0 
| 
(9) B 
a 
(10) 1. | B 
“mer: 
2 
(15)) 
(16); 1 | 
| | 
(17)} | 
(18) 1 B 
19) 1 | 
(20); 1 | 
(21)) 1 | 
| 
| | 
2 | | 
. | 
| 
| 


Penicillin in Sinusitis—Barach et al. 
TABLE III (Continued) 


Course 


1 


2 
1 
1 


(45) 


(46) 


(47) 1 


Sputum Culture 


Before Treatment 


Strep. viridans 
Staph. aureus 
Strep. viridans 
Strep. viridans * 
Hemol. Staph. albus 
D. pneumoniae 
Staph. aureus 
Non-hemol. Strep. 
Strep, viridans 
Hemol. Strep. 
Staph. aureus 


B. coli 

D. Pneumoniae 
Staph. aureus 
No growth f 
Hemol. Strep. 


Overgrown with pro- 
teus 

Slight growth f 

No growth * 


No growth * 
Hemol. Strep. * 
Hemol. Strep 


0 
Strep. viridans 


Staph. aureus 
0 


Pneumococcus 


0 
Hemol. Strep. 
Pneumococcus 
Staph. aureus 
Staph. aureus 
Non-hemol. Strep. 
Hemol. Strep. 


| Gram neg. bacillus 


Strep. viridans 
Staph. aureus 
D, pneumoniae 
Hemol. Strep. 


Hemol. Strep. 
Non-hemol. Strep. 
Hemol. Staph. aureus 
Staph. aureus 
Hemol. Strep. 
Non-hemol-Strep. 
Staph. albus 


Staph. aureus 


After Treatment 


0 
0 


Hemol. B. coli 


0 


D. pneumoniae 


Yeasts 


Gram. neg. rods 
Non-hemol. Strep. 


0 


N. catarrhalis 


B. aerogenes 


0 
0 


0 


Negative for Hernol. 


Strep. 


0 


Gram. neg. bacillus 


B. coli 


0 


0 


X-Ray Examination 


Before Treatment 


After Treatment 


Pan-sinusitis 

Pan-sinusitis 

Pan-sinusitis 

Marked clouding of both 
antra 

Pan-sinusitis 


Marked thickening of lin- 

ing membrane of both 
antra with clouding of 
ethmoids bilaterally 


Clouding of antra ‘, 


Clouding of ethmoids 
Slight thickening of lining 
membrane of both antra, 
right ethmoids clouded 
Pan-sinusitis 


Pan-sinusitis 

Left frontal and right sphe- 
noid slightly clouded 

Negative 

Pan-sinusitis 


Clouding of antra 
Pan-sinusitis 


Pan-sinusitis, opaque left 
antrum 

Opaque antra; ethmoids, 
frontals and_ sphenoids 
slightly clouded 

Clouding of both antra 
Clouding of both antra, 
slight clouding of ethmoids 


Marked thickening of lin- 
ing membrane of both an- 
tra. Ethmoids slightly 
clouded on left 

Marked thickening of lin- 
ing membrane of rt. an- 
trum and clouding of left 
antrum 

Marked clouding of rt. an- 
trum, slight thickening of 
lining. membrane of It. an- 
trum and ethmoids on 
right. Slight clouding of 
left frontal 

Clouding of antra and eth- 

moids bilaterally 


Marked clouding of rt. an- 
trum; slight clouding of It. 
antrum. Right ethmoids 
slightly clouded 

0 


Very slight clearing 
Slight clearing 

0 
Clearing of antra 


Pan-sinusitis less marked 
than prior to therapy 


Complete clearing of rt. 
antrum and ethmoid cells 
with only slight clouding 
of inferior portion of lt. 
antrum 

0 


No change 


No change 
0 


0 
Increase in size of polypoid 
mass in It. frontal and rt. 
antrum 
Some clearing 
No change 


0 


Progressive clearing 


Improvement 


Some clearing of rt. an- 
trum with better aeration 


Slightly better aeration of 
right antrum 


Marked improvement 
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| 
(28) 1 | | 
| 
(30)| 1. | ‘4 
(31); 4 0 
| | | | 
(33)| 1 | 
1 | | 
(36) | 1 
| 
| | 
(37) 1 | 
(41)| | 0 0 
| 
| 
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‘ | 
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TABLE IV 
CLINICAL RESULTS IN CLINIC PATIENTS WITH SINUSITIS TREATED WITH PENICILLIN AEROSOL 
AND NEGATIVE PRESSURE 


Clinical 
| Improvement 
Diagnosis | Attributable 
| to Penicillin 

Therapy 


Case 
No. 


|Chronic | slight 


Acute none 
Chronic | moderate 


| 


Chronic 
Acute 
| Chronic 
| Chronic 
| Acute 
| Chronic 
| Chronic 
| Chronic, 
| acute 
Chronic 
| Chronic 
| Acute | marked 
| Chronic | marked 
Chronic | none 
Chronic | slight 
Chronic | none 


| moderate 

| marked 

| marked 

| marked 
moderate 
moderate 
moderate 

| marked 


| 
| 


WU O W 


| 
| 
| 
| 
| 


| moderate 
moderate 


NO 
oom 


N 
oN 


| moderate 


| slight 


Chronic 
Chronic 


Chronic 


moderate 


Chronic 
Acute 
Chronic 
Chronic 
Chronic 
Chronic 
Chronic 
Chronic 
| Acute 
| Chronic 
| Chronic 
Chronic 
Chronic 
Chronic 


| marked 
marked 

slight 

| marked 

| moderate 

| moderate 
marked 
slight 

| marked 
moderate 

| slight 
slight 
moderate 
slight 


— 


Remarks 


| Additional allergic factors. Improvement not sustained. Asthma 
also improved on therapy 

Allergic rhinitis underlying infection 

Patient returned for second course which was followed by moder- 

ate improvement 

| Polyps and asthma. Asthma slightly improved 


| Marked symptomatic improvement 
| Improvement sustained several months 


| Hospitalization necessary 


| Slight improvement at first, later worse. Operation: antral 
windows 

Improved until sensitivity reaction 

Later had marked improvement in hospital on 4 daily inhala- 
tions. Asthma greatly improved. Effect not sustained over 
1 month 
Improvement not 
markedly improved. Later required antral washings 

| Improved markedly but had penicillin sensitivity reaction 
Dramatic improvement 


sustained following treatment. Asthma 


Marked improvement, but patient had antral washing 


Sensitivity reaction to both penicillin and sulfacetamide 


both lung fields. Sinus x-rays revealed clear 
frontals, diffuse clouding of the right antrum 
and probable slight thickening of the mucosal 
lining of the left antrum, slight clouding of the 
ethmoids on the right and diffuse clouding of 
both sphenoids. (Figs. 3 and 4.) 

The patient was given a course of nasal 


penicillin aerosol with negative pressure, 50,000 
units (concentration of 20,000 units per cc. nor- 
mal saline) four times a day for three weeks or 
a total of 4,000,000 units. He used 2 drops of 
privine 0.1 per cent instilled into each nostril 
before penicillin inhalations. A large amount 
of mucopurulent secretion was obtained in the 
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| | | 
| | D 
| Total | 
tion of 
a | No. of | T | 
; reat- 
| Inhala- | 
ment 
tions (Days) 
| 
ie 
3 
4 | mm | 21 
3 
5 
8 | 
Zs 9 15 
10 | 8 
11 12 
12 | | 42 
13 | 30 | 
14 | |} 8 
15 | 31 | 
16 
17 30 
18 | 35 48 
20 | 10 | 14 
21 65 =| «140 
22 | 5 
23 | | 14 
24 15 | 
25 | 2 | 
27 | a 
28 = 
29 | 28 | 
30 | 14 | 
31 30 | 
32 
33 14 
34 9 
35 4 | 
| | 
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TABLE V 
X-RAY CHANGES AND NASAL CULTURE IN CLINIC PATIENTS WITH SINUSITIS 
TREATED WITH PENICILLIN AEROSOL AND NEGATIVE PRESSURE 


X-Ray Examination 


Nasal Culture 


Before Treatment 


Strep. viridans 
Staph. aureus 
Hemol. Staph. aureus 
D. pneumoniae 


D. pneumoniae 
Staph. aureus 

Staph. aureus 

Hemol. Staph. aureus 
Hemol. Strep. 

Staph. aureus 

Staph. aureus 

Hemol. Staph. aureus 


Hemol. Strep. 


Pneumococcus, type 7 
Staph. albus 
Non-hemol. Strep. 
Staph. aureus 


D. pneumoniae 
Staph. aureus 
Staph. aureus 


Staph. aureus 
Strep. viridans 


Staph. aureus 

Hemol. Staph. aureus 
Hemol. B. coli 

Step. viridans 

| Non-hemol. Strep. 

| Staph. aureus 


| Negative for hemol. 
Strep. 

Hemol. Strep. 

Staph. aureus 

Staph. aureus 

Hemol. Staph. aureus 
Hemol. Staph. aureus 


| Staph. aureus 


Staph. aureus 

Negative for Hemol. 
Strep. 

Pneumococcus, type 3 

Pneumococcus, type 3 

D. pneumoniae 

Hemol. Staph. aureus 

Staph. aureus 

Hemol. Strep. 

Staph. albus . 

Non-hemol. Strep. 

Staph. aureus 

Gram pos. bacilli 


Gram pos. bacilli 
Gram neg. diplococcus 


Staph. albus 
Hemol. Strep. 


After Treatment 


Before Treatment 


After Treatment 


Staph. aureus 


D. pneumoniae 


Staph. aureus 


No growth 


Staph. aureus 


Staph. aureus 


Staph. aureus 


No growth 


Staph. aureus 


D. pneumoniae 
Staph. aureus 
Non-hemol. Strep. 
Hemol. Staph. aureus 
Staph. aureus 

Staph. aureus 


Staph. aureus 
Non-hemol. Strep. 
Hemol. Strep. 
Staph. aureus 


Staph. aureus 


aureus 
aureus 


Staph. 
Staph. 


Staph. aureus 


Gram neg. bacilli 


Staph. aureus 


Pan-sinusitis 


Rt. frontal 

Rt. maxillary 

Rt. ethmoiditis 

Pan-sinusitis with fluid 
antra 

Maxillary sinusitis, bilateral 


in 


Ethmoid and maxillary sinu- 
sitis, bilateral 

Maxillary sinusitis, bilateral 

Fluid in rt. frontal and rt. 
antrum 

Maxillary sinusitis, bilateral 


Maxillary sinusitis, bilateral 


Maxillary sinusitis, bilateral 

Bilateral clouding of antra, 
esp. rt. 

Maxillary, bilateral and left 
sphenoid sinusitis 

Rt. maxillary sinusitis 

Lt. frontal, rt. maxillary and 
bilateral ethmoiditis 

Maxillary and ethmoiditis 

Anomalous development, no 
maxillary sinus 

Maxillary and ethmoid sinu- 
sitis 


Pan-sinusitis 


Pan-sinusitis 
Pan-sinusitis 
Ethmoiditis 


Bilateral ethmoid, sphenoid 
and maxillary sinusitis 

Clouding of ethmoids and It. 
antrum 

Bilateral maxillary sinusitis 

Pan-sinusitis 


Pan-sinusitis 
Pan-sinusitis 
Pan-sinusitis 


Pan-sinusitis 

Left maxillary sinusitis 
Chronic antral disease 
Opaque rt. antrum 


Maxillary sinusitis, chronic, 
bilateral 

Maxillary sinusitis, bilateral 
with fluid level on right 


Thickened membrane of both 
antra 


Slight clearing 
No change 


Clearing for right 
frontal 


No change 


except 


Clearing of ethmoids, partial 
clearing of antra 


Some clearing 
Slight clearing of right maxil- 


lary 
Slight clearing on right 


Clearing 
Clearing 
No change 


No change 
No change 


No change 


Frontals involved later 


Clearing of right maxillary 
sinus 
No change 


No change 
Some clearing 
0 


0 
Clearing 


0 
No change 
Complete clearing 


Slightly improved 
0 


Improved 
Slightly improved 


Right antrum completely 
opaque. Some clearing of 
left antrum 

0 
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| 
| 
| | 
4 | 
| 
| 
6 | 0 
7 | 
8 | 
| | 
| 
10 | | 
= 
12 | 
14 | 
| 
| 
17 
18 | 
| 
20 | 
21 | | 
22 | | 
233 
24 | 
25 | 
27 
| 
— 
30 
31 
33 | : 
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TABLE VI 


CLINICAL RESULTS IN OFFICE PATIENTS WITH SINUSITIS TREATED WITH PENICILLIN AEROSOL 


AND NEGATIVE PRESSURE 


Case 


No. 


Diagnosis | 


Sputum Culture 
Before Treatment 


Clinical 
| Improve- 
ment 
Attribut- 
able to 


| X-Ray Examination 
| Before Treatment | 
| 


a Hemol. Staph. aureus {| Thickened membrane Moderate 


acute Strep. viridans 
Staph. aureus 


Chronic, 
acute 
Chronic 


Staph. aureus 


Staph. aureus 


Non-hemol. Strep. 


Chronic Strep. viridans 


Chronic Strep. viridans 


H. influenzae 


Chronic Strep. viridans 


Hemol. strep. 


Acute | Staph. aureus 
D. pneumoniae 


Chronic 
Chronic 


Acute | Hemol. Strep. 
| Pneumococcus 
Staph. aureus 

Chronic, B. coli 

acute 

Chronic H. Staph. aureus 
Chronic Strep. viridans 
Hemol. Strep. 
Chronic 1st | Hemol. Strep. 


course | Strep. viridans 


| Chronic Strep. viridans 
2nd course | Hemol. Strep. 
| Staph. albus 


and fluid level in 
| right antrum. Eth- | 
| moids and frontal | 
| clouded on left. Thick-| 


| ened membrane + 


| Jeft antrum 


| | 
| Clouding of both an- | Moderate | 


tra and left ethmoids | 
Marked clouding of rt. | None 
antrum, mod. It. an- | 
trum, It. ethmoid | 
hazy 
| Moderate clouding of | Marked 
 antra, ethmoids 
slightly clouded 


Clouding of both an- | Moderate 
tra and ethmoids | 


Clouding of both antra 
| and left ethmoids 


| Thickened membrane | Marked 
of right antrum and | 
slightly of left an- | 
trum. Ethmoids! 
clouded 


| Opaque antra and eth- | Moderate | 


moid on left 
Thickening of mem- | Slight 
brane of both antra | 


| Clouding of left eth- | Moderate | 


moid | 


| Both antra, left frontal | Marked 


hazy 


| Clouding of both antra | Moderate | 


Thickened membrane | Marked 
| of both antra | 
| Bilateral maxillary | None 
| clouding, ethmoids | 
| clouded 
No change 


| Penicillin | 


| The rapy_ 


| Moderate | 


| X-ray clearing of left 
antrum. Asthma im- 
proved 


| 
| 


Temporary improve- 
ment. Dyspneic from 
inhalations because 
of emphysema 

Marked improvement 
in sense of well be- 
ing, loss of fatigue 
and anorexia 

Numerous antral irri- 
gations in past. X- 
ray after treatment 
unchanged 
Symptomatic im- 

| provement during 

treatment, not sus- 

tained. x-ray 
| improvement. Re- 
| quired submucous 

| 


resection and eth- 
| moidectomy 
| Recurrence treated 
with two subsequent 
inhalations 


| Clearing of both an- 
| tra by x-ray 
Broncho-spasm_ dur- 
ing inhalations 


Symptoms aggravated 
by positive pressure 


X-ray after treatment. 
Slight reduction in 
thickening of lining 
membrane of both 
| _antra 


* Nasal culture. 
Throat culture. 
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TABLE VI (Continued) 


Diagnosis 


Sputum Culture 
Before Treatment 


X-Ray Examination 
Before Treatment 


Clinical 
Improve- 
ment 
Attributa- 
ble to Pen- 
icillin 
Therapy 


Total 
No. of 
Inha- 
lations 


Dura- 
tion of 
Treat- 
ment 

(Days) 


Chronic, 
acute 


Chronic 
Chronic 


Chronic 


Chronic 
Acute 
Chronic, 


acute 
Chronic 


Chronic 


Chronic, 
acute 


Chronic 


Chronic, 
acute 


Chronic, 
acute 


Hemol. Strep. 
Strep. viridans 
Staph. aureus 


Hemol. Strep. 
Strep. viridans 
Micrococos 


Staph. aureus 
D. pneumo 


Strep. viridans 
Non-hemol. Strep. 
0 


Staph. albus * 

Staph. aureus * 

Strep. viridans 
Hemol. Staph. aureus 


Non-hemol. Strep. 
Staph. aureus 
D. pneumococcus 


Hemol. Strep. 
Staph. aureus 
D. pneumoniae 


No growth 


Clouding of left antrum 


Clouding of both antra 

Thickened membrane 
of both antra, cloud- 
ing of left frontal and 
left ethmoids 


Diffuse clouding of left 
antrum, thickened 
membrane of right 
antrum 

Clouding of inferior 
portion of rt. antrum 

Clouding of both antra 
and ethmoids 

Thickened membrane 
of both antra 

Markedly thickened 
membrane of It. an- 
trum, and slightly of 
rt. antrum. Some 
clouding of rt. eth- 
moids and left frontal 

Homogeneous cloud- 
ing of both antra, 
frontals and ethmoids 


Thickened membrane 
of both antra, eth- 
moids clouded 


Clouding of both antra 
and left ethmoids 


Clouding ofrt. antrum, 
thickening of lining 
membrane of left 
antrum, ethmoids 
clouded 

Slight clouding of an- 
tra and ethmoids 


Marked clouding of 


right antrum 


Moderate 


Moderate 
Moderate 


Slight 


Slight 


Marked 


Marked 


Marked 


Marked 


Moderate 


Moderate 


Moderate 


Marked 


Sustained improve- 
ment for several 
months with con- 
comitant improve- 
ment in asthma 


Clinical recovery. As- 
thma relieved 
Clinical recovery 


X-ray after treatment: 
Some improvement 


Symptomsaggravated 
following submucous 
resection two years 
ago 

Culture unchanged. 
Marked _improve- 
ment in first 2 wks., 
when. developed an 
acute infection which 
responded less well 
to treatment 

X-ray after treatment 
unchanged. Previ- 
ously had no sympto- 
matic improvement 
with nasal penicillin 
by atomizer spray 

Culture after treat- 
ment: Gram _ neg. 
rod. X-ray after 
treatment: some 
clearing 

Had nausea, chilli- 
ness and fever after 
1st few inhalations, 
later no reaction 
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Fic. 3. X-rays of sinuses before treatment (left) and eight days after start of treatment (right), revealing 
marked clearing of right antrum and slight clearing of left antrum. 


trap of the apparatus. The only other medication 
consisted of oral aminophyllin, ephedrine, po- 
tassium iodide and nebulized Vaponefrin. 
There was marked relief of symptoms of 
asthma and sinusitis. Nasal passages became 
clear and there was little post-nasal drip. The 
course was afebrile. Cough and expectoration 
decreased about 75 per cent. Dyspnea was not 
Mild 


wheezing occurred infrequently. Sputum culture 


observed except on undue exertion. 
showed Bacillus aerogenes predominating. ESR 
fell to 17 mm. after one hour. Lungs were clear 
on physical examination, although breath 
sounds were distant. Sinus x-rays eight days 
after starting penicillin nasal suction treatment 
revealed considerable clearing of the clouding 
previously noted in the right antrum, right 
ethmoids and complete clearing of the sphenoids. 

Following discharge, the patient remained 
well for two and one-half months with occa- 
sional use of Vaponefrin spray and oral amino- 
phyllin. At that time he developed an acute 
sinusitis with frontal headache, nasal obstruction 
and mucopurulent discharge. There was some 
exacerbation of his asthma. The sinus x-rays 
revealed clouding of both antra although the 
sphenoids remained clear. (Fig. 5.) He was 
treated at home with a course of nasal penicillin 


aerosol with negative pressure, 50,000 units in 
1 cc. normal saline four times a day for a total 
of ten days or 2,000,000 units. At that time his 
symptoms had entirely disappeared and _ his 


sinus x-rays showed clearing. The patient has 
remained well during the three months since 
the second course of treatment and has been 


doing eight hours of sedentary work daily. 

CASE II. A white, married 
woman, forty years of age had a history of 
sinusitis ten years ago. Since that time she had 
no acute symptoms until one week before office 


Chronic Sinusitis. 


consultation when following a cold she com- 
plained of nasal discharge and obstruction, 
intermittent headache and slight fever to 99.4°F. 
She was put at rest in bed, penicillin was ad- 
ministered 20,000 units intramuscularly every 
three hours, and penicillin aerosol 50,000 units 
per cc. was inhaled every three hours during 
the day without negative pressure. In addition, 
penicillin was instilled by a nose and throat 
consultant three times during this period of 
seven days’ treatment. 

At the end of one week of combined therapy 
the patient’s symptoms persisted; x-ray of the 
sinuses revealed diffuse clouding of the antra 
as seen in the accompanying photograph. 
(Fig. 6.) Penicillin by intramuscular injection 
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Fic. 4. X-rays of sinuses before tretament (left) and eight days after start of treatment (right), revealing 
complete clearing of the sphenoids. 


Fic. 5. Sinus x-rays before second course of treatment (left) and after treatment (right) showing moderate 
clearing of both antra. 


was then stopped as well as instillations into 
the antra. The patient was then given four 
inhalations of 50,000 units of penicillin per cc. 
normal saline with negative pressure, the oxygen 
flow being maintained at 6 liters per minute. 
Improvement began in two days and was pro- 
gressive from then on, no symptoms being 
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present at the end of seven days; treatment was 
stopped and the subsequent x-ray showed im- 
provement. An x-ray one month afterwards 
revealed further clearing of the process in both 
sinuses except for what was interpreted as a 
polypoid formation in the mucous membrane in 
the lower part of both antra. 
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Fic. 6. Sinus x-rays after one week of control therapy (left), after one week of penicillin aerosol with negative pressure 
(center) and one month later (right) showing progressive clearing. 


The patient was well for eight months when 
an acute sinusitis took place swiftly after a head 
cold. X-ray of the sinuses showed a slight diffuse 
clouding of both antra. She was treated with 
inhalation of 50,000 units of penicillin per cc. 
normal saline with negative pressure, once a day 
for two days when symptoms cleared and the 
patient refused further therapy or x-ray exami- 
nation. She has been clinically well for the seven 
months since then. 


Comment. In this patient a control period 
of intramuscular injection and nasal inha- 
lation of penicillin, combined with instilla- 
tion of penicillin in solution, 500 units per 
cc. into the antra, was carried out without 
clinical benefit. The subsequent treatment 
with penicillin aerosol and negative pressure 
brought prompt relief with symptomatic 
complete recovery. 


A fe- 
male, thirty-three years old, gave a history of 


CasE ul. Chronic and Acute Sinusitis. 
recurrent sinusitis of ten years’ duration. During 
the previous two weeks she complained of in- 
creasing headache, obstruction and discharge. 
X-ray sbowed bilateral involvement, especially 
the right antrum. Ear, nose and throat exami- 
nation revealed bilateral overflow of muco- 
purulent secretion. She was treated in the clinic 
receiving seven treatments in twelve days, one 
treatment per day, 40,000 units per cc. normal 


saline. X-ray and ENT examination showed 
clearing of the infection. (Fig. 7.) 

iv. Chronic Sinusitis and Pulmonary 
Emphysema. A male, fifty years of age was ad- 
mitted to the hospital for oxygen therapy be- 
cause of pulmonary emphysema. He had a 
history of sinusitis for many years with symptoms 
of headache, nasal obstruction, post-nasal dis- 
charge. History includes arrested tuberculosis of 
the left upper lobe. 

The patient was a well developed, well nour- 
ished middle-aged man moderately dyspneic in 
the oxygen chamber (concentration 50 per cent). 
No cyanosis was present. The pharynx was 
moderately reddened. The chest was barrel- 
shaped and the patient used the accessory 
muscles of respiration. Lungs were resonant ex- 
cept for slight dullness at the left posterior top. 
Expiratory note was prolonged and breath 
sounds were diminished and distant throughout 
both lungs. A few subcrepitant rales, increased 
after cough, were audible on the left posteriorly 
above D 5. 

Laboratory data were as follows: hemoglobin 
17.7 Gm., red blood count 6,280,000, white 
blood count 9,550 with P 52 (0-2-50), L 31, 
M 15, B 2; ESR 25 mm. after one hour; serum 
CO: 62.6 volumes per cent. Sputum culture re- 
vealed Staphylococcus aureus and non-hemolytic 
streptococcus. X-ray of the chest revealed 
mottled fibrotic infiltration in the upper one- 
third of the left lung field; emphysematous 
appearance of remainder of the lung fields with 
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Fic. 7. X-rays of sinuses before treatment (left) and after treatment (right), revealing moderate antrai 


clearing with some residual thickening of the lining membrane. 


Fic. 8. Sinus x-rays before treatment (left), during treatment (center), and after treatment (right) showing 
increased involvement of left antrum eight days after start of therapy but final complete clearing of right antrum 


with moderate clearing of left antrum. 


bullae. Sinus x-ray showed considerable thicken- 
ing of the lining membrane of both antra with 
clouding of the ethmoid cells on the right and a 
lesser clouding on the left. (Fig. 8.) 

Combined penicillin oral inhalations and 
nasal inhalations with negative pressure were 
given for a nine-day period, the patient receiving 
a total of 400,000 units (40,000 units once or 
twice daily), by oral and 600,000 units (25,000 
units two to three times daily) by nasal inhala- 
tion. At this time the sinus films showed no 
change in the right antrum or ethmoids, but a 
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further increase in density with suggestion of 
fluid in the left antrum, although the air- 
containing portion appeared clearer. Sputum 
culture showed Streptococcus viridans. Serum 
CO, rose to 69.2 volumes per cent. The patient 
was discharged to continue nasal inhalations at 
home since his pulmonary status was markedly 
improved. He was afebrile throughout his 
hospital stay. 

He was re-admitted four days later because 
of acute overdistention of the lungs, apparently 
precipitated by undue exertion. Nasal penicillin 
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aerosol was stopped two days later because of 
soreness and redness of the nostrils and sore, 
reddened throat, as well as evidence of broncho- 
spasm. Sinus x-rays, however, showed complete 
clearing of the right antrum and ethmoid cells, 
with only slight clouding of the inferior portion 
of the left antrum persisting. (Fig. 8.) Broncho- 
pulmonary symptoms responded in several days 
to therapy with continuous oxygen, demerol, 
aminophyllin, ephedrine and Vaponefrin-neo- 
synephrine spray. The patient was discharged 
in two weeks markedly improved. Sinus x-rays 
showed maintenance of 


two months later 


improvement. 


A patient was seen recently in whom 
symptoms of sinusitis of four weeks’ dura- 
tion were present combined with cough and 
expectoration of considerable quantities of 
mucopurulent material. A hemolytic stap- 
hylococcus aureus was isolated from the 
sputum and from a nasal culture. She was 
treated with one inhalation a day of peni- 
cillin aerosol, containing 50,000 units per 
cc., with negative pressure for four days. At 
the same time aminophyllin 0.2 Gm. was 
prescribed on arising and at 3 p.M. demerol 
was administered by mouth, 50 mg. after 
lunch and on retiring. Within a period of 
five days the cough, expectoration, nasal 
discharge and obstruction had almost en- 
tirely disappeared. No further follow-up 
was possible since she decided that she was 
clinically well, although x-ray had previ- 
ously shown marked clouding of both antra. 


COMMENTS 


The results presented above indicate that 
acute and chronic sinusitis may in some 
cases be effectively treated by nasal inha- 
lation of penicillin aerosol in conjunction 
with negative pressure in the nasal pass- 
ages and sinuses. 

Difficulties are inevitably encountered in 
appraising the value of any new therapeutic 
procedure. In the treatment of sinusitis pri- 
mary consideration must be given not only 
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to the infectious agent, but to the presence 
of allergic factors. In patients with acute 
sinusitis without hypersensitivity to dust and 
other inhalants therapeutic benefit may be 
achieved in a variety of ways. Rest in bed, 
application of vasoconstricting solutions or 
inhalations of steam are followed in some 


cases by recovery. In other cases, washing 
out the antra through the natural orifice 
results in adequate drainage and prompt 
recovery. The intention of this presentation 
is not to suggest that penicillin aerosol with 


negative pressure is necessarily better than 
other forms of treatment, but that it is an 
additional procedure that may be used in 
infectious sinusitis and that it has been 
found to be of therapeutic value in acute, 
subacute and chronic cases. 

Patients with chronic sinusitis frequently 
reveal both an allergic and infectious eti- 
ology. Patients in this category who have 
been treated once a day in the clinic have 
frequently shown little or no benefit. Others 
who have been treated three to four times a 
day have shown moderate improvement but 
with a tendency to relapse. In cases sensitive 
to cat hair or other substances allergic swell- 
ing of the nose may interfere with antral 
drainage and predispose to subsequent in- 
fection. However, patients with chronic 
purulent sinusitis who have been previously 
treated by antral irrigations with only tem- 
porary benefit and with persisting symptoms 
and pathological conditions in the sinuses 
have in some instances obtained marked and 
prolonged benefit. These patients are not 
considered permanently cured as reinfection 
may take place. 

In cases of sinusitis with associated bron- 
chitis aminophyllin is generally of signifi- 
cant therapeutic value in relieving cough, 
even without overt signs of bronchospasm 
such as sibilant rales. Demerol is generally 
more effective than codiene, and the com- 
bination of demerol and aminophyllin is 
frequently of dramatic value in the treat- 
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ment of acute and subacute as well as 
chronic bronchitis. When demerol is ad- 
ministered by mouth it is important that 
the patient rest for two hours after ingestion 
in order to avoid symptoms of dizziness. 

The complication of urticaria may take 
place but this is infrequent and may now 
be effectively handled by administration of 
benadryl. Patients with an allergic history 
are more apt to develop urticaria than those 
with a purely infectious basis. 

In our experience calcium penicillin has 
been better tolerated than the sodium salt, 
and at present crystalline penicillin seems 
preferable to either. 

Although a blood level of 0.1 to 0.2 units 
per cc. of serum is generally obtained with 
oral inhalation of penicillin aerosol, the use 
of this dosage with the negative pressure 
rebreathing device does not result in suffi- 
cient absorption through the lungs to pro- 
vide any more than a minimal (0.025 to 
0.05 U/cc. serum) or no detectable blood 
level. We have previously shown that the 
amount of penicillin in the blood is sub- 
stantially less when inhalation of penicillin 
takes place through the nose instead of the 
mouth. 

Since negative pressures of 50 to 60 mm. 
Hg are intermittently produced in the 
antrum by the technic employed, it is evi- 
dent that aeration of the sinuses takes place 
with replacement of penicillin mist for the 
air previously present in the antral cavity. 
To what extent therapeutic results may be 
obtained by intermittent negative pressure 
itself has not been determined but it seems 
a sounder practice to facilitate the deposi- 
tion locally of penicillin particles. Studies 
are in progress in which other chemother- 
apeutic aerosols are used, such as 5 per cent 
sulfathiazole, 15 per cent sulfacetimide, 0.25 
per cent p-chlorophenol and streptomycin. 
Evidence has been presented that the ther- 
apeutic agent does actually lodge in infected 
mucous sinus membrane since antral wash- 
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ings have contained penicillin after this type 
of treatment. Since there is no way of deter- 
mining how much penicillin is absorbed 
from the membrane before the washings, 
or how much clings to the mucous mem- 
brane after the washing, the concentration 
of penicillin in the antrum cannot be 
determined. 


SUMMARY 


Nasal inhalation of penicillin aerosol in 
conjunction with negative pressure in the 
nasal passages has been described as a treat- 
ment for acute and chronic sinusitis. An 


.apparatus which also produces a slight posi- 


tive pressure in addition to negative pressure 
during inhalation of penicillin nebulin is 
reported. 

A negative pressure in the antra of 50 to 
60 mm. Hg has been demonstrated with the 
procedure used. Washings from the antrum 
in selected cases revealed that penicillin was 
introduced following inhalation of 50,000 
units ‘of penicillin aerosol in conjunction 
with repeated negative pressure. 

Cases of acute paranasal sinusitis are re- 
ported in which clinical recovery took place 
with one to four treatments per day over a 
period of three.days to two weeks. Patients 
with chronic sinusitis are described in which 
marked improvement was demonstrated by 
x-ray and clinically with four treatments 
daily over a period of twelve days or more. 
Cases with chronic paranasal sinusitis 
treated once a day have frequently shown 
little or no significant benefit. In those pa- 
tients in whom allergy is a prominent eti- 
ological factor less favorable results may be 
expected. Clinical improvement has been 
obtained in cases in which both infectious 
and allergic causal factors were definitely 
present. 

Inspection of the tables and case reports 
illustrates the effect on the course of the 
disease in individual patients; a summary 
of the clinical results may be stated as 
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follows, using the combined findings of 
hospital, home, clinic and office patients: 
Of 122 courses of therapy in 110 patients, 
marked improvement took place in thirty- 
nine, moderate in forty-three, slight in seven- 
teen and no improvement in twenty-three. 

Of sixty-five patients x-rayed before and 
after treatment, marked or significant im- 
provement was observed in thirty-nine, no 
improvement in twenty-two and progressive 
involvement in four. 

In forty-one patients in whom compara- 
tive cultures of the nasal or sputum cultures 
were available, disappearance of gram- 
positive organisms found prior to treatment 
took place in twenty-four. In twenty-five of 
these cases gram-positive organisms were 
found after treatment, either as the pre- 
dominating organisms or in_ significant 
numbers. 

The method of treating sinusitis by peni- 
cillin aerosol and negative pressure appears 
to be a practical procedure that produces 
little or no discomfort. 

This report is intended as an exploratory 
study on the principles, methods and early 
clinical results of its use rather than as any 
final appraisal of its value.* 
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Conference on Therapy 


Treatment of Coronary Artery Disease’ 


hme are stenographic reports of conferences by the members of the Departments of 
Pharmacology and of Medicine of Cornell University Medical College and the 
New York Hospital, with collaboration of other departments and institutions. The 
questions and discussions involve participation by members of the staff of the college and 
hospital, students and visitors. The next report will appear in the November issue and 
will concern a continuation of the same topic. 


Dr. Harry Gop. There are several 
clinical varieties of coronary artery disease. 
Pain in the precordial or substernal region, 
or other areas of the chest, presents one of 
the chief problems. The pain is linked to a 
variety of factors. There is the pain associ- 
ated with emotion or physical exertion, 
particularly walking, as occurs in the more 
usual type of angina of effort. There are 
those in whom attacks of pain frequently 
occur while the patients are at rest and 
awaken them at night, the pain of angina 
decubitus. There is the attack of acute 
coronary thrombosis or myocardial infarc- 
tion. Pain, however, is not the sole problem 
in the management of coronary artery 
disease. Although there is a good deal of 
overlapping in the therapeutic problems 
presented by the clinical varieties of coro- 
nary artery disease, several of them present 
problems peculiar to themselves and require 
special attention. The list of drugs is a 
fairly large one; it includes morphine, 
demerol, codeine, barbiturates, nitrites, 
aminophylline, papaverine, quinidine, digi- 
talis, mercurial diuretics and others. Views 
concerning the methods of their use and 
their value are not entirely in accord. How 
the evidence stands may emerg: from the 
discussion in the conference today. Dr. 
Eggleston will make the opening remarks. 

Dr. Cary Eccueston: Dr. Gold left out 


one form of coronary artery disease the 
treatment of which might be discussed, 
namely,. that form which is discovered in 
the asymptomatic stage. Coronary artery 
disease is probably the most prevalent of 
all forms of heart disease and certainly is 
the most prevalent past the age of fifty. 
It may exist for a long time before any 
particular symptoms direct the patient’s 
attention to the disease. From the point of 
view of therapy, however, we can confine 
our discussion largely to the types that Dr. 
Gold has just mentioned. 

The anginal syndrome, or angina pec- 
toris, or pain in the chest secondary to 
coronary artery disease, occurs most com- 
monly as the result of effort. On the basis 
of rather critical and extensive analysis it 
is believed to be due primarily, or chiefly, 
to a relative myocardial anoxemia, that is, 
a reduction in the amount of oxygen carried 
to the heart muscle in relation to the amount 
of work that the muscle is being called upon 
to do. Consequently, it is commonly associ- 
ated with effort or other factors which 
increase heart work. We cannot afford to 
overlook the fact that emotional stresses and 
strains, that a distended abdomen from 
any cause whatsoever, that reduction in the 
oxygen carrying power of the blood by 
anemias, and the like, are all mechanisms 
working in the same direction and all may 
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be productive of angina pectoris or the 
anginal syndrome in the susceptible indi- 
vidual. In addition to this, the state of the 
nervous system is of great importance to 
the patient who is a victim of angina. That 
this plays a rdle is indicated by the relative 
rarity of angina in phlegmatic individuals, 
and by its increased incidence in patients 
who are of a_high-strung, emotional, 
nervous temperament. This, undoubtedly, 
is a factor of some importance in the fre- 
quency of recurrence of anginal seizures. 
Patients who are overweight not infre- 
quently are subject to angina, but the 
syndrome by no means spares the under- 
weight or lean. Changes in temperature, 
sudden cold, chilling, wind and _ partic- 
ularly cold wind, precipitate anginal sei- 
zures. Other more or. less trivial factors 
of causation may be passed over so that we 
may approach immediately the question 
of management. 

Before drug therapy is considered one 
should have made a critical analysis of the 
factors which induce anginal seizures in 
the individual patient and then set about 
by a process of education and analysis of 
the situation pertaining to that individual 
patient, to eliminate as many of those pre- 
cipitating factors as possible. After this has 
been accomplished—and its accomplish- 
ment depends, in large measure, on the 
cooperation of the individual, and that, in 
turn, is related to his intelligence and his 
ability to understand the mechanisms in- 
volved in the production of his seizures— 


then one can pass to the consideration of 


medicinal or drug therapy. 

One of the oldest and most commonly 
used remedies is alcohol. A small drink of 
a reasonably strong alcoholic beverage, 
such as brandy or whisky, by peripheral 
vasodilatation, we believe, will often relieve 
the seizure of angina pectoris. Warming of 
the body relieves angina pectoris. When the 
patient comes to rest, ceases his exertion, 
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angina pectoris passes rapidly. The dangers 
of alcohol are the dangers of inducing, 
possibly, some dependence on the drug, or 
addiction. 

There are other agents which do not give 
rise to this difficulty. Paramount in impor- 
tance are the nitrites. Many nitrites are 
available; some act rapidly, others slowly. 
One of the earliest used was amy] nitrite, 
rather an evil smelling, very volatile liquid 
which is difficult to employ because of its 
high volatility and must be used in the form 
of pearls, little glass capsules which are 
broken by the patient at the time of his 
seizure. It produces disagreeable secondary 
symptoms which the patient must endure 
if he is to use it. They consist of a general 
sense of discomfort, a wave of warmth over 
the blush area, a feeling of fullness or of 
bursting and throbbing in the head, partic- 
ularly in the temporal region and in the 
neck. However, amyl nitrite acts within a 
few moments in the majority of instances, 
and synchronous with the flushing, some- 
times even preceding it, there is a beginning 
relief of the seizure of pain. Another objec- 
tion to amyl nitrite is that the pearls fre- 
quently break by exposure to ordinary 
changes in temperature. I have known more 
than one instance in which a box of amyl 
nitrite pearls exploded spontaneously after 
being carried around in a physician’s bag 
for a short period of time. More satisfactory 
than amyl nitrite is nitroglycerin which is 
available most conveniently in the form of 
hypodermic tablets. These should be reas- 
onably fresh because they tend to lose 
potency either from deterioration or evapo- 
ration. ‘The smallest dose which is effective 
is the dose which should be employed. 
Many physicians have fallen into the prac- 
tice of using routinely a dose of 1499 gr. or 
0.6 mg. This is usually larger than is 
needed by the patient, and is accompanied 
by disagreeable side effects, which are 
closely similar to those that I have just 
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recounted for amyl nitrite. One can some- 
times relieve the attack equally well with 
one-half of that dose, 0.3 mg., or 1400 gr., 
sometimes even with a smaller amount. It 
is wise to test out the patient’s responsiveness 
and let him use the smallest dose which will 
give relief. The drug is rapidly absorbed 
from the buccal mucosa. The tablet should 
be put into the mouth, chewed but not 
swallowed. Effects will develop within a few 
minutes. Relief, if it is obtained, follows 
promptly and the dosage may be repeated 
as frequently as necessary. Although relief 
may be readily obtained in this way, the 
goal of the physician should be to guide the 
patient away from unnecessary medication 
by the previous plan of education. Other 
nitrites are less serviceable, in my experi- 
ence, than nitroglycerin. Erythrol tetra- 
nitrate, octyl nitrite, sodium nitrite and 
many others are possessed of reasonably 
rapid action but slower than nitroglycerin. 

If the attack does not pass off within a 
few minutes after one or two doses of 
nitrites, doubt concerning the diagnosis of 
angina should be entertained. They are, 
therefore, of some, although very: limited, 
diagnostic value. 

Nitroglycerin may also be used as a pre- 
ventive of angina in small doses, 1409 gr. 
or 0.3 mg. or thereabouts, taken prior to 
exposure to factors which previously have 
precipitated attacks. Knowledge of this 
action may permit patients to undertake, 
in emergency, tasks which otherwise would 
be interrupted by intolerable pain. 

I do not know of any other agents that 
are really effective in the treatment of the 
seizure of angina pectoris, or that compare 
favorably with the two that I have men- 
tioned, namely, alcohol and nitroglycerin. 
We have tried the administration of amino- 
phylline, a dose taken three or four times a 
day, on the theory of its dilating the 
coronary arteries. In some patients it seems 
to diminish the frequency of the attacks. It, 
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however, is by no means trustworthy for 
this purpose. It has a tendency to make the 
patient a little bit more alert than usual. 
It often makes him nervous and should be 
combined, therefore, in such patients with 
the administration of a mild sedative, such 
as phenobarbital in a small dose. 

The second type of symptomatology 
from coronary artery disease is that of myo- 
cardial infarction, so frequently miscalled 
coronary occlusion. Myocardial infarction 
may occur without coronary occlusion and 
it is the infarction of the myocardium that 
is important rather than the occlusion of 
the coronary artery. The symptoms differ 
from those of angina pectoris in a few 
dramatic respects that are easily recog- 
nizable and make the diagnosis compara- 
tively simple. In the first place, it is usually 
spontaneous in its origin. The pain appears 
without relation to effort or emotional 
stress or strain, or perhaps I would be more 
accurate if I said, without necessary rela- 
tion. It is located in the same areas. It 
has the same general characteristics, but 
it does not respond to rest, to alcohol or to 
nitroglycerin. A precordial pain, or pain 
in the shoulders or neck, which comes on 
abruptly and does not respond to these 
measures, should be thought of as a possible 
myocardial infarction. If the infarction be 
minor, there may be few or no other 
immediate symptoms. The pain and associ- 
ated symptoms may last for many minutes 
to several hours if untreated. 

With an infarction of the myocardium 
we are faced with a train of potentialities 
that may be serious or even fatal. Sudden 
death may occur while the patient is sitting 
quietly in his chair or during any degree 
of activity. There is nothing we can do for 
this because we do not reach the scene in 
time, and it is questionable, even if we did, 
whether treatment would be effective. In 
the majority of cases the patient makes a 
partial recovery spontaneously after a brief 
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period of time, measured usually in hours, 
sometimes in days. During this early period 
the patient may show any one of a train of 
symptoms which demands some medical 
care. He may go into an early collapse or 
shock. He may merely complain of nausea 
and vomiting and break out in a profuse 
cold sweat. He may have disturbances of 
his bowel function and of the bladder. 

Once the diagnosis is suspected, therapeu- 
tic steps should be taken. The patient should 
be put at complete rest. By “complete 
rest,” we mean no voluntary activities on 
the part of the patient. This should not be 
continued for too long a time lest we induce 
thrombosis in the veins of the lower extremi- 
ties and complicate the picture. But that 
does not occur promptly. The most im- 
mediate measure is the administration of 
one of the opiates. Any opiate that is avail- 
able may be used. I prefer morphine, 
dilaudid or pantopon, but whatever opiate 
is present and available should be ad- 
ministered. The dose should be enough to 
relieve the patient of symptoms. In the case 
of morphine this is seldom less than 15 mg. 
and may be two or three times that dose. 
Corresponding doses are higher in_ the 
case of pantopon, lower in the case of 
dilaudid. 

One may then consider the use of other 
sedatives, or one may turn to the use of 
oxygen because the embarrassment of the 
cardiac circulation is very great and these 
patients often present a picture of relative 
anoxemia. Oxygen by inhalation often 
relieves the pain and it diminishes the 
amount of opiate that is necessary. This 
should be continued as long as may be 
needed. The opiates should be replaced, I 
believe, as soon as possible by other seda- 
tives. The barbiturates are the sedatives 
of choice. Hydrated chloral may be used, 
but the barbiturates are usually well borne 
and are usually quite effective, the idea 
being to keep the patient at mental and 
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emotional rest during the earlier stages of 
his convalescence from the acute attack. 

If the attack be more severe, the patient 
may develop symptoms suggestive of pul- 
monary edema or may actually go into 
pulmonary edema. This probably is best 
met, in addition to the use .of opiates and 
oxygen, by the intravenous injection of 
aminophylline, 0.24 to 0.48 Gm., given 
slowly, intravenously. By ‘“‘slowly” I mean 
within a period of five to ten minutes. This 
will often relieve the symptoms of pul- 
monary edema. Atropine in large doses 
may relieve it, in doses of 2 mg. or there- 
abouts. If it be very urgent, this may be 
administered intravenously, or preferably 
intramuscularly or subcutaneously. 

Papaverine has been advocated by a 
good many. By mouth, in my experience, 
it has been useless. It must be injected sub- 
cutaneously or intravenously to be of any 
value. Its purpose is relaxation of the vessels. 
i do not consider it a highly trustworthy or 
valuable agent in these conditions. 

Atropine has recently been hailed as 
highly effective in coronary thrombosis, 
aside from its use against pulmonary 
edema. My own experience with it has 
been rather unsatisfactory. 

Then, there is another picture of myo- 
cardial infarction, that in which the patient 
in addition to those just re- 
counted, symptoms of acute and progres- 
sive congestive heart failure. Under these 
circumstances one must resort to digitaliza- 
tion. I do not think I need to say much 
about digitalis or its administration if Dr. 
Gold or others here have talked to you 
about it. For immediate digitalization we 
may use either digitoxin, that is digitaline 
nativelle, or purodigin, or the digitoxin that 
is now on the market by Squibb, or we may 
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use ouabain, or digitalis leaf, or a liquid 
preparation of digitalis as conditions de- 
mand. For rapid use, however, one of the 
preparations to be introduced intravenously 


AMERICAN JOURNAL OF MEDICINE 


| 
> 
; a 


Conference on Therapy 


is preferable, although under these circum- 
stances I think we must remain a bit cau- 
tious in the rapidity with which we digitalize 
the patient. In a heart that has suffered a 
more or less extensive and an undetermined 
degree of myocardial destruction, we may 
do harm by too rapid digitalization. Proba- 
bly the wisest procedure, therefore, would 
be to give digitoxin by mouth, giving a 
full digitalizing dose of 1.2 mg. according 
to Dr. Gold, or 1.5 mg. according to my 
experience. The difference is a minor mat- 
ter. Give it by mouth and then follow up 
with a maintenance dose. If we use oua- 
bain, not over 0.5 mg. should be injected 
initially, and none if the patient has been 
taking digitalis. But I am assuming that the 
patient has not. Then the remainder of a 
dose of 1 mg. total for the first twenty-four 
hours may be administered in fractions of 
your own choice, anywhere from 0.1 to 
0.2 or 0.3 mg. per fraction. 

Measures to combat loss of water and of 
salt, such as clysis or slow infusions of 
glucose in water or glucose in physiological 
saline should be used. Morphine is con- 
tinued until the patient begins to recover. 

Dr. Gop: Dr. Pardee, have you any 
special points you would like to make 
before this subject is opened for general 
discussion? 

Dr. Haroip .E. B. Parpee: I would 
stress one character of the symptomatology 
which I do not think has been sufficiently 
emphasized, namely, symptoms of shock. 
Some of these patients are evidently in 
shock, almost pulseless, with marked fall of 
blood pressure, and with other signs associ- 
ated with shock. In these cases, I think we 
have to consider one other feature of 
therapy, and that is, how much we shall 
attempt to increase the blood volume. The 
use of intravenous glucose should be con- 
sidered, either as injection of 50 per cent 
glucose or as a slow intravenous drip. 
There is the danger in these cases that, if 
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one gives too much liquid, one may induce 
cardiac failure. There may be some protec- 
tion in the falling blood pressure; it can, 
however, go too far. 

Dr. Gop: Dr. Stewart; have you any- 
thing to add? 

Dr. Haroitp J. Stewart: I have very 
rarely seen a patient who went into shock 
who did not do very well. As a matter of 
fact, there have been some observations, 
which I think were reported to the Society 
for Experimental Biology and Medicine, 
in which the patients were put under 
luminal right after they had coronary 
occlusion, to the point where they were 
almost in a state of shock. The patients 
that I have seen treated for shock per se 
have usually done very badly. If the pa- 
tients receive extra fluid intravenously or if 
glucose is given intravenously, fluid is drawn 
into the blood stream and the extra blood 
volume may do more harm than good. 

So much for that side of it. On the other 
hand, I very rarely use luminal in a patient 
who has had acute coronary occlusion be- 
cause of the lowering of blood pressure 
which may occur with this drug; conse- 
quently, that one sign which you may have 
to use as evidence of a coronary occlusion, 
namely, fall in blood pressure, cannot be 
relied on and you may obscure the diagnosis. 

Dr. EGGcieston: May I ask if that type 
of patient usually requires a sedative in 
your experience? 

Dr. Stewart: In the early stages [ would 
prefer the use of morphine or codeine to 
luminal as a usual procedure. 

Dr. WALTER MopE LL: I would want to 
know why patients in shock with coronary 
disease are not given plasma. Perhaps, the 
reason they do not do so well is that they 
do not receive plasma but glucose in saline 
instead. 

Dr. Stewart: I would not give them 
plasma for the same reason I would not give 
them glucose intravenously. 
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Dr. Gop: Would you give them plasma, 
Dr. Pardee? 

Dr. PARDEE: I have not, as a matter of 
fact, used it but I think it would be good. 

Dr. GoLp: Would you give it, Dr. Eggle- 
ston? 

Dr. EGGLEston: I would. 

Dr. Gop: How much would you give? 

Dr. EccLeston: Depending upon the 
patient’s response. I doubt if I would go 
above 300 cc. maximum and probably stay 
well below that, about 200 cc. I have not 
had much experience with it because it has 
not been very readily available and I have 
had to resort to other measures, chiefly 
glucose or clysis of glucose. I should have 
mentioned this. We have to restore the fluid 
and clysis is safer than intravenous infusion. 

Dr. Gop: Dr. Stewart, what would you 
do in the case of a patient who has had an 
attack of coronary thrombosis and you see 
him about four hours later; he has a blood 
pressure of about 60 and a heart rate of 120; 
he has extreme thirst; the respiration is 
depressed and he is cold and clammy? 

Dr. STEWART: Put him in an oxygen tent 
and let it go at that so far as treating shock 
is concerned, I think. 

Dr. GoLp: It is my experience that pa- 
tients who have had a coronary thrombosis 
and are in advanced shock, are apt to do 
badly, and a high proportion of them fail 
to survive no matter what treatment they 
receive. I firmly believe, however, that 
some of them, who would otherwise suc- 
cumb, can be saved by the use of plasma. 
The discussion here reveals the state of 
general experience with plasma in the 
shock of coronary thrombosis. Its use in 
these cases is certainly not very general. I 
have used it many times; and it is hard to 
escape the conviction that in occasional 
cases of severe collapse following a coronary 
thrombosis, it has supplied the necessary 
boost to insure recovery. I refer, of course, 
to cases in which the skin is cold and 
clammy, the pulse is rapid, the blood pres- 
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sure is either so low or the pulse so feeble 
that the pressure cannot be registered with 
the usual method, or registers by an oc- 
casional sound at a level of 60 or 70 mm. 
mercury. I rarely advise it in the milder 
cases of circulatory depression following a 
coronary occlusion in which the blood 
pressure may decline to a level of around 
100 mm. systolic. Most of these patients 
seem to have a fairly satisfactory circulation. 
Their skin is warm and the heart beat may 
be fairly slow. In the vast majority of such 
cases, the circulation rights itself and plasma 
may be withheld because, while it may be 
advantageous, it is not free of dangers. It 
is easy to overload the heart during the 
infusion of plasma, in which case the pa- 
tient is seen to develop respiratory distress 
and pulmonary rales while plasma is enter- 
ing the circulation. Judgment is necessary 
in regard to the dose of plasma. I follow 
the practice of injecting about 250 cc. in 
the first hour. If the blood pressure is 
boosted to levels close to 90 or 100 mm. 
mercury, the injection is interrupted and the 
blood pressure taken at frequent intervals. 
If the pressure resumes its downward 
course, more plasma is injected, and it is 
continued in the endeavor to maintain the 
pressure at a level of at least 90 or 100 mm. 
mercury, even if it takes a liter or more to do 
so. This cannot be made a routine pro- 
cedure and must be kept under the im- 
mediate supervision of the physician, for 
the injection should be interrupted at the 
first sign of respiratory discomfort, or the 
development or increase of pulmonary 
rales. If you set up the infusion and then go 
off for a time with the expectation that all 
will go well, you stand a good chance of 
finding the patient in pulmonary edema 
when you return. There is no fixed dose of 
plasma. The proper dose is that which will 
fill the vessels sufficiently to raise the blood 
pressure to a safer level, usually around 
100 mm. systolic, without inducing pul- 
monary edema, and the amount that will 
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keep it there or higher. I am also inclined 
to suspect that the intravenous infusion of 
glucose in water or saline in these cases may 
do more harm than good, for it seems that 
the fluid passes so quickly into the pul- 
monary tissues giving rise to edema of the 
lungs. 

Dr. CHARLES H. WHEELER: Why do you 
think these patients go into shock, Dr. 
Eggleston? 

Dr. EcGieston: The interference with 
cardiac function gives rise to circulatory 
changes which result in secondary periph- 
eral vascular failure. 

Dr. WHEELER: I have always thought of 
it as largely due to the fact that the cardiac 
output is substantially reduced. However, I 
have never been able to understand how 
administering fluids can help in a person 
whose heart already cannot do the work 
that is required of it. What do you hope 
to gain by treating the shock? 

Dr. EccLeston: The heart output may 
be improved by supplying more fluid. I 
believe that the peripheral circulatory 
collapse is to a considerable extent second- 
ary to loss of fluid caused by the profuse 
sweating and the nausea and vomiting that 
occur in these patients. 

Dr. GoLp: Perhaps a word at this point, 
about one way in which the mechanism is 
formulated, may help to tie things together. 
In coronary thrombosis, it is a fact that the 
cardiac output falls, the circulation slows 
down and in one type of reaction the heart 
is unable to deliver as much blood as it 
receives. They develop the syndrome of 
congestive failure. Under such circum- 
stances infusions are likely to make matters 
worse. In another type of reaction, there 
are the same initial phenomena, namely, 
sudden fall in cardiac output and slowing 
of the circulation. Events then take a dif- 
ferent course. The slowing of the circulation 
may be so pronounced that sufficient anoxia 
develops to increase seriously the perme- 
ability of the capillaries. Fluid passes into 
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the tissue spaces, the blood volume falls and 
hemoconcentration results. Now the heart 
fails to receive as much blood as it can 
deliver even in its weakened state. It starts 
out as acute forward failure of the heart, 
but capillary paralysis takes over with a 
train of self-propagating circulatory changes 
which soon become irreversible and lead to 
disaster. The administration of plasma 
increases the volume of blood and volume 
of circulation. 

Dr. WHEELER: May I say something else, 
Dr. Gold? 

Dr. Go.p: Yes. 

Dr. WHEELER: No one has mentioned 
two factors that are, I think, most important 
in the treatment of angina. I am sure that 
most people agree on the importance of 
convincing the patient with angina that he 
is not going to drop dead. The term angina 
has a bad reputation among the laity and 
much good can be done by reassurance. 
The second point is to teach them the im- 
portance of doing things slowly. It is all 
very well to tell them to take it easy, to 
avoid hard work or to refrain from doing 
this or that. But I think a great deal of this 
advice misses the mark unless the impor- 
tance of the speed at which they do things 
is duly impressed upon them. I think it is a 


fact that a great many people with angina 


can do almost anything they wish to, if 
they do it slowly enough, although they 
may not be able to walk one block without 
pain if they do it at a rapid pace. 

Dr. Eccieston: I agree. I tried to 
include that in the very broad general 
statements that I made in the beginning, 
regarding the re-education of the patient, 
the careful study of the patient and of the 
factors which precipitate his angina and 
to eliminate those. 

Dr. Stewart: There is one more drug 
that was not mentioned, namely, theo- 
bromine and sodium acetate. In Riseman’s 
very well controlled study of the drugs 
which are useful in taking care of patients 
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with angina pectoris, it rates high and I 
think next to nitroglycerin in preventing 
expected angina after a controlled amount 
of exercise. 

Dr. Goip: How does it rate in your ex- 
perience, Dr. Pardee? 

Dr. PARDEE: Very satisfactorily. I per- 
sonally feel a little more enthusiastic about 
the theophylline-theobromine type of drugs 
than Dr. Eggleston indicated. I do not think 
that the number of patients who show 
striking changes with these drugs is large, 
but there are some who certainly do show 
symptomatic improvement. I, therefore, 
believe it does something to the heart which 
is beneficial, which may not in all cases be 
sufficient to put the symptoms below the 
threshold of sensation, but which in all 
cases must have some action. 

Dr. Gop: Are you sure it is not simply 
a placebo? 

Dr. PARDEE: I do not think it is entirely 
due to a placebo type of action because of 
the way patients react. I know that experi- 
ments have been performed in which 
placebos have been given, and it has been 
concluded by excellent observors that place- 
bos are just as beneficial as the supposedly 
active drugs. But I have seen things happen 
which made me think that the drugs are 
really active. I think that both amino- 
phylline and theobromine and sodium ace- 
tate are effective. One cannot decide which 
is better without a long series of experiments. 

Dr. Stewart: There is a good paper in a 
recent issue of the American Heart Journal, 
by Mokotoff and Katz, which I think gives 
controlled data relating to this. They show 
statistically in large series of animals that 
aminophylline given in amounts compar- 
able to those used in the clinic reduced the 
size of cardiac infarction in dogs. 

Dr. Gop: I agree it is a fine study, and 
there is indication in it that aminophylline 
and papaverine may reduce the size of an 
experimental infarct in the dog. But it is 
not quite safe to infer from it that such 
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effects are likely to occur in man after the 
usual oral doses. Mokotoff and Katz gave 
15 mg. of aminophylline per Kg. intra- 
venously as the first dose, the equivalent 
of an intravenous dose of about 1 Gm. for 
a man, then the same dose twice a day sub- 
cutaneously for.seven days, then once a day 
subcutaneously for forty-nine days. These 
are quite outside the range of doses that are 
given to humans. 

Dr. Travell, have you anything to say 
about experimental infarction? 

Dr. JANET TRAVELL: Several years ago 
we made a study in cats similar to the one 
you cited in dogs. The size of the infarcts 
were measured by the blind test by Dr. 
Gold. In the cat, aminophylline failed to 
influence the size of the infarct. 

Dr. Gotp: I should add at this point that 
in a study we made of 100 patients with the 
angina of effort in our clinics, only one 
could distinguish theobromine or amino- 
phylline from sugar of milk or other 
placebos when both the patient and doctor 
were kept in the dark at the time regarding 
the medication. The exception was a man 
who we learned could distinguish a dif- 
ference in taste. Before we were able to 
eliminate that source of error he died of a 
coronary occlusion, and with that there 
vanished the possibility of proof in what 
might have been our single positive case in 
100 patients with cardiac pain. 

STUDENT: Dr. Gold, I should like to know 
what is the danger of giving digitalis to one 
who has suffered a myocardial infarction. 

Dr. Eccieston: There is the fear of 
rupture of the softened area of the heart or 
of producing one of the serious arrhythmias, 
although I personally have never been con- 
vinced that I have seen either accident as a 
result of its use. 

INTERNE: Are there reports of occurrences 
of such accidents? If there are none, I should 
think that the patient who is going into 
shock as a result of a myocardial infarction 
might well be digitalized rapidly. 
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Dr. Ecciesron: Digitalis would not in 
any case be used against secondary shock. 
It might be of value in the primary circula- 
tory depression by improving the contrac- 
tion of the damaged heart if the possible 
danger of throwing the heart with its 
damaged area of muscle into an uncontrol- 
lable and possibly fatal disturbance of 
rhythm, ventricular fibrillation, can be 
disregarded. 

Does that answer your question? 

INTERNE: Not quite. You said you never 
saw it. Have you heard of it? 

Dr. EGGLEstTon: Yes, I have. I might add 
that it is not usually possible to prove the 
occurrence of ventricular fibrillation be- 
cause the termination of life occurs so 
shortly thereafter that we seldom have an 
opportunity to establish it definitely by 
electrocardiographic records. 

Dr. McKeen But ventricular 
fibrillation is a frequen! cause of death in 
occlusion, is it not? 

Dr. EGGLEston: Yes, and probably more 
so in cases of digitalis poisoning with 
occlusion. 

Dr. Gop: Dr. Stewart, do you fear 
digitalis in patients with heart failure and 
coronary thrombosis? 

Dr. STEWART: Early if you have heart 
failure in coronary thrombosis you have to 
use digitalis and I do not think you have 
much worry about it; late also you do not 
have much worry about its use. It is cer- 
tainly somewhere around the seventh or 
tenth day when necrosis is most marked 
that there is a real danger of rupture. There 
has been one instance of rupture here which 
I believe was due to such a cause. If one 
watches a patient before and after rapid 
digitalization, it is possible to distinguish 
differences in the cardiac contraction. After 
the drug has been given the beat is forceful, 
the thrust becomes more marked. 

Dr. CaTTELL: Do you believe that the 
actual pressure against the infarct is greater 
after digitalis? 
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Dr. Stewart: I think the force of con- 
traction is much greater and if you have a 
certain amount of blood in that cavity to 
force out and you have a weak spot, you 
might have a blowout. 

Dr. CaTTELL: That would depend on the 
production of a higher pressure, would it 
not? You have to assume that the pressure 
was raised. I am not sure there is proof of 
that. 

Dr. Eccueston: I do not think I have 
ever seen a blowout of the ventricle that I 
thought was due to digitalis. 

Dr. Gop: How about you, Dr. Pardee? 
Did you ever withhold digitalis in a patient 
with heart failure because a myocardial in- 
farction was there? 

Dr. PARDEE: I do not give it to patients 
in shock, but to those with signs of heart 
failure, I use it in less than the usual doses, 
because of the experimental work which 
shows that the heart with infarction is more 
liable to ventricular fibrillation from digi- 
talis. I use about half of the ordinary dose 
in such cases. 

Dr. TRAVELL: Some years ago a study 
was published from this laboratory which 
showed that cats take 25 per cent less than 
the usual fatal dose of digitalis to produce 
ventricular fibrillation after experimental 
infarction. 

Dr. Go.p: I have often wondered about 
the practical significance of that fact since 
the safety margin is so large in clinical 
digitalization. 

Dr. Eccueston: I do not usually use the 
full digitalizing dose at once in the presence 
of myocardial infarction. 

Dr. PARDEE: Granting that there is a 
safety margin, one might still exceed the 
limits of safety with the usual dose, if the 
patient happens to be 25 per cent more 
susceptible than the average and then has 
an additional 25 per cent increased sus- 
ceptibility brought on by the coronary 
thrombosis. We must be wary because ven- 
tricular fibrillation may be fatal. 
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Dr. Go.p: I agree it is a good plan to 
keep digitalization on the light side in these 
cases, but it will keep us from exaggerating 
the danger of digitalis if we remember that 
nearly double the average digitalizing dose 
is without serious consequence in the aver- 
age case of heart failure. 

I should like to remind you that the risk 
of digitalis in myocardial infarction has been 
considered here only in relation to the 
danger of cardiac rupture and ventricular 
fibrillation. Two other possible dangers 
have recently been pointed out. There are 
some observations that digitalis shortens the 
coagulation time of blood. It is denied by 
others. In the 7. A. M. A. of August 4, 1945, 
there is a report by Askey and Neurath in 
which they fail to find increased blood 
clotting as a source of trouble, but point to 
the danger of death from emboli in the 
systemic circulation dislodged by the in- 
creased contraction of the heart. I am not 
impressed with the evidence for either of 
these dangers. The paper by Askey and 
Neurath deals with a group of terminal 
cases. It clearly shows that old age, long- 
lasting fibrillation and congestive failure 
bring about a state in which a high inci- 
dence of fatal systemic emboli is encoun- 
tered, but the groups are not sufficiently 
large or comparable to establish the rdle of 
digitalis in dislodging these emboli. 

It looks like our time is up. There still 
remain a number of important issues re- 
garding the treatment of coronary disease 
which we have not touched. I think it 
would be well to resume the subject at this 
point in next week’s conference. 


SUMMARY 


Dr. Gotp: Let me now briefly sum up 
the essential points that were discussed to- 
day. It was pointed out that there are 
several clinical varieties of coronary artery 
disease, each requiring special attention in 
treatment. Dr. Eggleston presented a brief 
outline of the essential aspects of the therapy 
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of this disease. Special attention was paid 
to the matter of the treatment of shock in 
acute coronary thrombosis with the use of 
clyses, glucose infusions and plasma. The 
view was expressed that attempts at the 
specific treatment of shock may do more 
harm than good, while others maintained 
that infusions, especially of plasma, are in 
some of these cases a life-saving measure. 
The rationale was discussed and the dangers 
were pointed out. Patients with coronary 
artery disease are often in the state of fear 
and apprehension arising from the reputa- 
tion of this disease as a cause of sudden 
death, and it was urged that all measures 
possible be taken to reassure them and to 
point out that they are able to do a great 
many things if they will only curtail the 
speed of activities to the limits of their 
capacity without distress. ‘The eternal ques- 
tion of the purines was explored. There are 
those who believe that theobromine and 
sodium acetate is very valuable in the con- 
trol of the angina of effort, those who be- 
lieve its action is that of a placebo, and 
there are the various shades of opinion be- 
tween these two extremes. The significance 
of the observation that aminophylline re- 
duces the size of the experimental infarct in 
dogs was questioned on the grounds that it 
is apparently not applicable to all species 
of animals since it does not occur in cats, 
and on the grounds that the dosage which 
was used in dogs was so large as to be out 
of line with the dosage commonly used in 
man. There was the question of the use of 
digitalis for the treatment of heart failure 
which sometimes occurs in patients with cor- 
onary thrombosis. The discussion covered 
the various supposed sources of dangers, 
ventricular tachycardia, rupture of the 
heart, increased blood clotting and dis- 
lodgment of emboli to the systemic circu- 
lation. Not all people are equally impressed 
with the evidence for any of these dangers 
when digitalis is employed in proper dosage. 


(To be continued.) 
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Isolation of Virulent Treponema pallidum 
from Human Aorta Thirty-two Hours after 
Death from Cardiovascular Syphilis’ 


C. K. Hu, mv., Y. Liu, m.p., K. C. CHEN, M.p. and C. N. FRAZIER, M.D. 


GALVESTON, TEXAS 


FTER a comprehensive review of 
the literature on syphilitic aor- 
titis, Longcope’ stated in 1913: 

. . . the presence of spirochetes in these 
lesions, as might be expected, cannot by 
any means be constantly demonstrated with 
Levaditi stain. . . That these organisms 
are Treponema pallidum seems almost certain 
though actual proof of such by culture from 
the arterial lesions, a most difficult task, or 
direct inoculation into animals, has not as 
yet been accomplished.” 

The above statements hold true today. 
The demonstration of spirochetes in tissue 
sections, in spite of recent improvements in 
staining method, is still a difficult task, 
while cultivation on artificial media has not 
been successful. Search of the literature 
failed to reveal any report on the demon- 
stration of Treponema pallidum by direct 
inoculation into animals of aortic tissue ob- 
tained from human cases. 

We believe that the demonstration of the 
causal relationship between ‘Treponema 
pallidum and the aortic lesion must in the 
end rest upon the isolation of viable organ- 
isms by animal inoculation. 

Recently, a patient in the Peiping Union 
Medical College Hospital died of cardiovas- 
cular syphilis and presented gross changes 
in the aorta at autopsy. The material ob- 


tained from this source was considered 
suitable for inoculation into rabbits. As the 
result, virulent Treponema pallidum was 
isolated from the aortic tissues. This single 
observation seems worth recording as it is 
the first time, according to our knowledge, 
that living treponemes have been shown to 
be present in the walls of the diseased aorta. 
Furthermore, the isolation of virulent Trep- 
onema pallidum from cadavers, many hours 
after death of the patient, is of practical 
importance to the pathologist, from the 
standpoint of possible infection at the 
autopsy table even though the infection 
with syphilis has been of long standing. 


CASE REPORT 


H. Y. C. (No. H-74404), a Chinese rickshaw 
puller, forty-six years of age, was admitted to the 
out-patient clinic on October 21, 1940. His 
main complaints were pulsations in the abdomen 
and neck and nocturnal dyspnea. The illness 
began in February, 1940. Since March, he 
experienced also a burning and distending pain 
beneath the upper end of the sternum, together 
with epigastric pain which was not related to 
meals. 

The dyspnea was paroxysmal in character 
and the patient had usually two or three attacks 
each night. In order to relieve the suffocating 
sensation he had to sit up or walk about. He was 
usually free from symptoms in the day time. 


* From the Division of Dermatology and Syphilology, Department of Medicine and the Department of Pathology, 
Peiping Union Medical College, Peiping, China; and the Department of Dermatology and Syphilology, University of 


Texas, Galveston. 
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From May to August, after taking some Chinese 
drugs and bed rest, he was practically free from 
symptoms. He then became a peddler. How- 
ever, the symptoms returned in September with 
increased intensity; he became orthopneic and 
his sleep was disturbed. 
Following repeated 
genital sore appeared when the patient was 
twenty-two years of age. For this sore he took 
several doses of Chinese medicine by mouth in 
addition to the local medication. He never 
received injections. Several asymptomatic sub- 
cutaneous nodules appeared at both greater 
trochanteric regions over twenty years ago. 
Subsequently, he enjoyed good general health 
up to the time of his present illness. 
Examination showed a sick and distressed 
individual with marked pulsations in the neck. 
The findings of interest were limited chiefly 
to the cardiovascular system. The heart was 
moderately enlarged to the left and the retro- 
manubrial dullness was widened. A systolic 
thrill was detected over the apex of the heart. 
There was a loud systolic as well as a diastolic 
murmur at the base, which was louder in the 
aortic than in the pulmonic region. At the apex 
of the heart, a loud systolic murmur and a 
rumbling diastolic murmur were also audible. 
Pistol shot sounds, Corrigan’s pulse and capil- 
lary pulsations were present. The blood pressure 


venereal exposures a 


was 130/42 mm. of mercury. 

Moist rales were heard in the lung bases. The 
liver and spleen were not palpable. The tendon 
reflexes of the lower extremities were absent 
except for the right knee jerk which was elicited 
with difficulty. The pupils and ocular fundi 
were normal. Matted subcutaneous, hard, non- 
tender, large nodules, measuring 2 to 5 cm. in 
diameter, were found over both greater tro- 
chanteric and at the sacrococcygeal regions. 

The blood serum gave strongly positive 
reactions to the Wassermann and Kahn tests, 
but the spinal fluid was entirely normal. Roent- 
genologic examination showed that the heart 
was 50 per cent over size and not boot-shaped. 
The enlargement was chiefly to the left. The 
pulmonary conus was prominent. The aorta was 
prominent with suggestive calcification along 
the ascending and descending portions but 
without definite dilatation. The subcutaneous 
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nodules were seen as homogeneous soft tissue 
masses over the greater trochanteric region. The 
electrocardiogram showed a flat T in lead 1, 
depressed S-T in leads 2 and 3, slurred R3, and 
R, averaged about 2 mm. in height—findings 
suggesting myocardial damage and coronary 
insufficiency. There was no axis deviation. The 
circulation time was 19 seconds by the sac- 
charine method. The blood picture was one of 
mild anemia. The urine was normal and the 
phenolsulfonphthalein excretion was 55 per cent 
at the end of two hours. 

The above history and findings led to the 
diagnoses of cardiovascular syphilis with aortic 
insufficiency, narrowing of coronary ostia, 
cardiac enlargement and failure, syphilitic 
juxta-articular nodules, and questionable syph- 
ilis of the central nervous system. 

Digitalization resulted in some improvement 
in the cardiac condition, though slowly. 
The patient was admitted to the ward on 
November 13th where there was considerable 
improvement in his condition following bed 
rest and the administration of digitalis, potas- 
sium iodide and hypertonic glucose solution. 
After a month’s stay he was discharged from 
the hospital with instructions to have further 
rest and to continue digitalis. Perhaps because 
he failed to carry out the instructions, his condi- 
tion became worse. 

When again admitted to the ward on Feb- 
ruary 15, 1941, the patient was found to be very 
sick, with orthopnea, marked pulsations in the 
neck, cold sweats and Cheyne-Stokes respira- 
tion. In addition to the findings noted on the 
previous admission, the liver was 5 to 7 cm. 
below the costal margin, and the genitalia and 
the lower extremities were slightly swollen. He 
died eighteen hours later. 

Autopsy Findings. ‘The corpse had been kept 
in the ice-chest for twenty-eight hours before 
the autopsy (No. A3426) was performed. The 
findings of interest were limited chiefly to the 
cardiovascular system and the subcutaneous 
tissue. 

The heart (Fig. 1) weighed 740 Gm. and was 
hypertrophied and dilated. The hypertrophy 
was particularly noticable in the left ventricle. 
There was diffuse thickening of the aortic cusps. 

-The anterior and posterior right cusps were 
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Fic. 1. Note the hypertrophied wall and dilated 
chamber of the left ventricle, the thickened aortic cusps, 
the gaping of the aortic commissure (A), and the fusion 
of the anterior and posterior right cusps. The aorta 
shows both syphilitic and artertosclerotic patches. 


fused together while the two posterior cusps 
gaped a little at their angles. The free margin of 
each cusp was thickened, round and rigid. 

A longitudinal cut of the rigid margin of the 
aortic cusp revealed a central yellowish area 
surrounded by a zone of whitish glistening 
fibrous tissue. Microscopical examination showed 
that the yellowish area was composed of necrotic 
tissue, containing degenerated leucocytes and 
plasma cells. (Fig. 2.) No spirochetes could be 
demonstrated in the sections. 

The mitral valve showed moderate diffuse 
thickening with two whitish patches on the 
anterior cusp but there was no vegetation. The 
tricuspid and pulmonary valves appeared to be 
normal. 

The orifice of the right coronary artery was 
completely occluded while that of the left was 
narrowed. The coronary arteries showed very 
slight atheromatous change. 

The aorta was moderately dilated in its entire 
length. Its intima presented multiple, large and 
small, elevated, hyalinized, grayish and yellow 
patches over the entire length of the aorta 
(Fig. 1), but especially numerous in the ascend- 
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Fic. 2. Low power view of aortic valve. Note marked 
fibrosis, lymphocytic infiltration and necrosis. X 44. 


Fic. 3. Low power view of aortic wall. Note extensive 
scarring and necrosis (dark areas) of intima and media 
with perivascular lymphocytic infiltration in media and 
adventitia. X 35. 


ing arch and in the lower abdominal portion. 
Some of these patches showed ulceration or 
calcification. In between these patches, longi- 
tudinal shallow and deep furrows, characteristic 
of syphilitic infection, were observed. 

Under the microscope, the intima was found 
to be much thickened with marked fibrous tissue 
proliferation. The media contained numerous 
irregular scars, foci of lymphocytic infiltration, 
and areas of necrosis which sometimes extended 
into the intima. (Fig. 3.) Spirochetes were not 
found in the sections stained by the Levaditi 
method. 

On gross inspection, the subcutaneous nodules 
were grayish, firm and without definite capsule; 
the cut surface was glistening and whitish. 
Microscopically, they consisted of dense, hy- 
alinized, fibrous tissue together with multiple 
foci of lymphocytic infiltration. The capillaries 
were congested and there was appreciable peri- 
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vascular lymphocytic and plasma cell infiltra- 
tion. No spirochetes were found in the sections 
stained by the Levaditi method. 


ANIMAL INOCULATION 


Aorta and Aortic Valve. <A piece of tissue 
measuring 3.5 by 1.0 cm. was removed from 
the anterior aortic cusp and the adjacent 
. aortic wall. (X, Fig. 1.) For the purpose of 
sterilization of the surface tissue, the speci- 
men was immersed in 80 per cent ethyl 
alcohol for three minutes followed by 
thorough washing (five times) in sterile 
physiological saline. Then the material was 
cut into small pieces and ground in physio- 
logical saline. Two cc. of this emulsion was 
injected into the right testis while the re- 
mainder (0.5 cc.) was injected into the left 
scrotal sac of the same rabbit* on February 
17, 1941. 

Fifty-three days after the inoculation the 
right testis was somewhat full and felt in- 
durated. The induration increased during 
the subsequent week. A moderate orchitis 
had developed by the next week. The ma- 
terial aseptically aspirated from this testis 
contained actively motile Treponemata 
pallida, as seen under the darkfield micro- 
scope. The left scrotal sac never showed any 
change. 

Mitral Valve. A piece of tissue measuring 
1.5 by 1.0 cm. was obtained from the mitral 
valve, for inoculation into the rabbit, on 
February 17, 1941. It was sterilized in 
exactly the same way as was the aortic 
tissue. The entire saline emulsion (2 cc.) 
was divided equally and injected into the 
testes of one rabbit. In the subsequent 
eighty-eight days, no change could be de- 
tected in the testicles. The testicles and 
popliteal lymph nodes of this animal were 
transferred into a second series of two 
rabbits. The latter animals also failed to 
show any sign of syphilis in an observation 
period of 111 days. 


* The animal was a cryptorchid. 
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Juxta-articular Node. One of the sub- 
cutaneous nodules of the trochanteric region 
was removed at biopsy. It was finely emulsi- 
fied in sterile physiological saline, and 1 cc. 
of the emulsion was injected into each tes- 
ticle of two rabbits on November 30, 1940. 
Neither animal showed any clinical evi- 
dence of syphilis. On March 27, 1941, both 
animals were killed and their testicles and 
popliteal lymph nodes were transferred into 
the testes of a second series of two rabbits. 
One of these died of diarrhea two months 
later without showing any sign of syphilis. 
The second animal developed a_ small 
nodule in the right testis ninety-seven days 
after inoculation. Under the darkfield mi- 
croscope, motile Treponemata pallida were 
found in the emulsion of the nodule. 

Fresh Blood. One cc. of fresh circulating 
blood of the patient was injected, immedi- 
ately after withdrawal, into each testis of 
two rabbits on November 30, 1940. No 
evidence of syphilis developed during the 
following four months. Transfers of the tes- 
ticles and popliteal lymph nodes into a 
second series of two rabbits also failed to 
produce syphilitic infection in an observa- 
tion period of ninety-seven days. 


COMMENTS 


It is quite possible that other workers 
have made attempts to demonstrate Trep- 
onema pallidum in the aorta by the bio- 
logical method as reported here. However, 
we have failed to find any positive result 
being recorded in the literature. We must 
attribute the success met with in our case 
to the combination of a number of favorable 
circumstances. 

First, the patient never received any 
specific antisyphilitic treatment. Even small 
amounts of arsenical drugs might have led 
to a negative result. Cardiovascular syphilis, 
even in the advanced stage, is usually 
treated with bismuth and arsenical prepara- 
tions. But, our patient was critically ill on 
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admission. When his condition improved to 
the extent that he could be given anti- 
syphilitic treatment (as was actually ad- 
vised) he left the hospital. He died eighteen 
hours after the second admission to the 
ward before any specific treatment could 
be given. 

Secondly, the lesions in the aorta as 
found at autopsy were very extensive and 
active. The necrosis in the aortic wall 
(Fig. 3) was remarkable. Such lesions would 
more likely contain Treponema pallidum 
than the older and less active ones. 

Thirdly, the time interval between the 
death of the patient and the inoculation of 
the aortic tissue into rabbits was not too 
long for the recovery of viable Treponema 
pallidum. The tissues were injected into the 
rabbits thirty-two hours after the death of 
the patient. The body had been in ice-chest 
temperature (about 7°c.) for twenty-eight 
hours and the aortic tissue in room tempera- 
ture (about 20°c.) for four hours. Accord- 
ing to Rosahn,? Treponema pallidum in 
tissues refrigerated for as long as a week 
should be regarded as infectious. 

Taylor,* Hoffmann‘ and others have re- 
ported accidental innocent infections con- 
tracted while performing autopsy. The 
possibility of infection at the autopsy table 
should not be overlooked, even though the 
patient’s infection with syphilis has been 
of long standing. In the present case, viru- 
lent Treponemata pallida were recovered 
twenty-five years after syphilitic infection. 

The negative result with the inoculation 
of the blood is of significance. In the absence 
of any demonstrable spirochetemia, it is 
reasonable to surmise that the positive re- 
sults obtained with inoculations of materials 
from the aorta and from the subcutaneous 
nodule meant the presence of viable Trepo- 
nema pallidum in these tissues. ‘The syphi- 
litic nature of the so-called juxta-articular 
nodes has been discussed elsewhere.* ‘The 
failure to demonstrate Treponema pallidum 
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in the mitral valve is not surprising, since 
it is well known that the mitral valve is 
rarely, if ever, attacked by the syphilitic 
virus. The anatomical changes found in the 
mitral valve might well have been the 
result of an old rheumatic infection. 

In the case reported here, careful search 
has been made by more than one individual 
for Treponema pallidum in the Levaditi- 
stained sections of the aorta, aortic valve, 
mitral valve, heart muscle and the subcu- 
taneous nodule. But, none could be found. 
However, by inoculation of the materials 
into the rabbits, viable ‘Treponema pallidum 
was isolated from the aortic tissue and also 
from the subcutaneous nodule. Without 
entering into the debatable question of 
granular forms of Treponema pallidum, 
both staining and biological methods de- 
pend for success, in a large measure, upon 
the number of ‘Treponema pallidum present 
in the tissue. In our case, the number of 
Treponema pallidum seemed to be too 


small to allow detection in sections, but it 


was large enough to insure a positive culture 
in the testes of rabbits. The superiority of 
the biological method over the staining 
method is impressively demonstrated. 

Morgan‘ thinks that the number of the 
organism of syphilis inoculated into a testis 
of the rabbit should exceed twenty-five 
(usually over 100) befcre © positive result is 
obtained, and that in general the incuba- 
tion period varies indirectly with the num- 
ber of the organisms introduced. According 
to the latter assumption, it seemed that in 
our patient the aortic tissue contained more 
Treponemata pallida than did the subcu- 
taneous nodule. The positive result from 
the subcutaneous nodule required not only 
longer incubation period but also an extra 
transfer of tissues to a second series of 
rabbits. 

The venereal history indicated that the 
patient had contracted syphilis some twenty- 
five years before his death. The signs of 
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cardiovascular syphilis lasted about a year. 
In the intervening twenty-four years the 
disease was apparently latent. 


SUMMARY 


Virulent Treponema pallidum was iso- 
lated from the aortic tissue of a patient who 
died of syphilitic aortitis with aortic regurgi- 
tation. The aortic tissue was transferred into 
the rabbit thirty-two hours after the death 
of the patient. Viable Treponema pallidum 
was also isolated from the juxta-articular 
nodules, but not from the circulating blood 
nor from the mitral valve tissue. The patient 
died twenty-five years after acquiring syphi- 
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lis, without ever receiving specific anti- 
syphilitic treatment. 
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Acute Monocytic Leukemia’ 


Harotp S. Scutro, M.D. and Hiram B. WEIss, M.D. 
CINCINNATI, OHIO 


ECOVERY from a fulminating leu- 
R kemic state is sufficiently uncom- 
mon to warrant reflection upon 
any instance which suggests such an event. 
Accordingly, when in the fall of 1941 a 
patient whom we considered to have acute 
monocytic leukemia made an _ unusual 
recovery we were inclined to report the 
case. This was deferred by our anticipation 
that a relapse would ensue and by the war 
with the departure of one of us to military 
duty. Now that the patient has remained 
well for four and a half years we present the 
following report. 


CASE REPORT 


This fifty-year old white man entered the 
Jewish Hospital on November 17, 1941. He 
had been known to one of us (H. B. W.) for 
many years through minor illnesses. A periodic 
examination in December, 1940, revealed no 
abnormalities, the hemoglobin and erythrocyte 
counts being normal. The leucocyte count was 
3,500, with polymorphonuclears 70 per cent, 
lymphocytes 26 per cent, monocytes 3 per cent, 
eosinophils 1 per cent. On July 21, 1941, a mild 
anemia was noted, erythrocytes 3.8 million, 
hemoglobin ‘84 per cent. The white blood cells 
were 4,350, with polymorphonuclears 60 per 
cent, lymphocytes 34 per cent, monocytes 3 per 
cent, eosinophils 3 per cent. 

During the first week of November, 1941, he 
noticed soreness of his mouth and several days 
later visited his dentist* for local treatment. 
Because of a temperature elevation and con- 
tinuing soreness of his gums he was examined on 
November 15, 1941, when it was noted that his 


* Dr. Carlos H. Schott cooperated in the care of this 
patient. 


temperature was 101°F., that there were ulcerat- 
ing lesions in the buccal mucosa and a small 
tender lymph node at the angle of the right jaw. 
The erythrocyte count was 3.6 mil., hemoglobin 
84 per cent, leucocyte count 4,900, with poly- 
morphonuclears 22 per cent, the remainder 
being abnormal. 

On November 17th, when admitted to the 
Jewish Hospital, his complaints were extreme 
weakness, fever and increasing soreness of the 
mouth. The skin and mucous membranes were 
pale. There were ulcerating erythematous lesions 
in the buccal mucous membranes of both cheeks, 
more marked on the left where edema of the face 
existed. The node at the angle of the right jaw 
was enlarged, otherwise there were no enlarged 
lymph nodes. The spleen was palpable two 
finger-breadths below the left costal margin. 
The liver was not palpable. 

On November 18, 1941, the peripheral blood 
and sternal bone marrow was examined by one 
of us (H. S. S.) with the following findings: Peri- 
pheral Blood: erythrocytes, 2.8 million; hemo- 
globin, 10.5 Gm.; reticulocytes, 2.5 per cent; 
platelets, 288,400 (Dameshek’s. normal 450,000— 
850,000); white blood cells, 5900; differential 
count: monoblasts, 84 per cent; lymphocytes, 
16 per cent. The red blood cells were of normal 
size and shape. No nucleated red blood cells 
were seen. The platelets appeared fewer than 
normal. Sternal Bone Marrow: A satisfactory 
specimen was obtained by aspiration of the body 
of the sternum. (Figs. 1 and 2.) This was ex- 
amined with supra-vital and Wright-Giemsa 
stains. It was apparent that the usual bone 
marrow elements were replaced uniformly by 
an abnormal cell. Megakaryocytes were ex- 
tremely scarce, two being seen on the entire film. 
Nucleated red cells were very rare, as were 
granulocytes. An occasional erythroblast and 


*From the Departments of Internal Medicine, The University of Cincinnati School of Medicine and the Jewish 
Hospital, Cincinnati, Ohio. 
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Fic. 1. Sternal bone marrow smear. Low power, 
magnification 30 X, demonstrating an in- 
filtration of the marrow uniformly by an ab- 
normal cell. The absence of megakaryocytes 1s 


noteworthy. 


myelocyte were seen. The abnormal cells which 
made up the substance of the bone marrow 
appeared “blastic”? in type. The nuclei were 
horse-shoe shaped, indented or double. One to 
two nucleoli were present. On supra-vital stain 
many cells had a small collection of neutral red 
granules in the bend of the horse-shoe, similar to 
those seen in young monocytes. 

This patient was in the hospital 107 days. 
During the first forty days he was acutely ill. 
The temperature was a septic type with wide 
daily swings. (Fig. 3.) He was extremely weak 
and drowsy. His appetite was very poor and he 
could swallow only with difficulty. The edema 
of the face developed into a true noma with 
spontaneous rupture through the skin. (Fig. 
4.) This abscess was opened more fully surgically 
on December 24, 1941, by Dr. J. Louis Ransa- 
hoff. Culture revealed a mixed flora. After this 
procedure the temperature gradually subsided, 
the lesion on the face slowly healed (Fig. 5) and 
his general condition improved. The slow steady 
progress was temporarily interrupted in the 


Fic. 2. Same as Figure 1 with magnification 900 
x. The characteristics of the abnormal cells are 


apparent. 


twelfth week by the development of a left paro- 
titis. This was drained on February 12, 1942, 
and then treated locally with sulfathiazole packs. 
A rapid fall in temperature occurred after 
drainage of the parotitis and the use of sulfa- 
diazine orally, but healing was slow and was 
followed by a partial left peripheral seventh- 
cranial nerve paralysis. He was discharged 
from the hospital on March 3, 1942. 

The white blood cells, which on admission 
were around 5,000, rose on the fourth hospital 
day to 35,000 and for the next forty days ranged 
between 25,000 and 40,000. This increase in the 
white cells was comprised essentially of ab- 
normal monocytes. (Fig. 3.) After the fiftieth 
day the total white blood cell count was within 
the normal range and remained so except for a 
two-week period toward the end of the hos- 
pitalization when a_ secondary leucocytosis 
developed. This was associated with the appear- 
ance of the parotitis described above and the 
cellular reaction was polymorphonuclear. 

Frequent observations have been made during 
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Fic. 3. Graphic representation of temperature, total white blood cells and total granulocytes during hospi- 
talization. The blood and bone marrow transfusions, and the surgical procedures are indicated. 


this four-year period, March, 1942, to July, 
1946. The patient gradually regained his 
strength and weight. Residuals of the seventh- 
nerve palsy persist. A blood count on April 23, 
1946, was as folle 7s: Erythrocytes, 5.15 million; 
hemoglobin 3m.; white blood cells, 5850; 
polymorp! ‘ars, 47 per cent; lymphocytes, 
44 per u-ni, monocytes, 7 per cent; eosinophils, 
1 per cent, ba ils, 1 per cent. The present 
appearance of nis face is seen in Figure 6. 

The nursing care in this case can be described 
only as superb, and is mentioned particularly 
because we believe it contributed greatly to the 
recovery. In spite of high fever, anorexia, 
dysphagia and great discomfort, considerable 
nourishment was obtained. An adequate fluid 
balance was maintained by oral and parenteral 
routes. Twenty blood transfusions were given in 
the first sixty days. The oral lesions were treated 
locally by frequent saline irrigations and by 
gentle removal of dead tissue, by moist heat to 
the face, and later by surgical drainage through 
the cheek, followed by sulfathiazole ointment 
dressings. Sulfathiazole and sulfadiazine were 
given orally from February 12, 1942, throughout 
the remainder of the hospital stay. Nine intra- 
sternal transfusions of sternal bone marrow, each 


of from 3 to 5 cc., from young healthy donors ~ 
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were given. The secondary parotitis was treated 
by incision and drainage, subsequent sulfa- 
packs and sulfathiazole and sulfadiazine orally. 


COMMENT 


Whenever one suggests that a patient 
with acute Jeukemia has recovered, whether 
this recovery be defined as a cure or as a 
remission, he is immediately subjected to 
the criticism that the patient did not have 
leukemia. We recognize that this is a 
natural and sound attitude and we have 
re-examined our patient in this light. 

Clinical conditions which bear more or 
less resemblance to the case under discus- 
sion are infectious monocucleosis, agranulo- 
cytosis, leukemoid states and leukemia. 
Unlike infectious mononucleosis was the 
presence of anemia without blood loss, 
absence of lymphadenopathy, and a negative 
heterophile agglutination. Unlike agranulo- 
cytosis may be cited again the anemia, the 
absence in the history of any of the known 
agents which produce agranulocytosis and 
the presence in the peripheral blood and 
bone marrow of an abnormal cell. ‘The term 
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Fic. 4. Demonstrating the noma, resulting 
from spontaneous erosion through the cheek of 
the lesion in the oral mucous membrane. 


leukemoid has been given to conditions in 
which large numbers of immature cells, 
usually of the myeloid series, are found in 
the peripheral blood associated not with 
leukemic infiltration of the bone marrow 
and other internal organs, but with extreme 
sepsis, with the bone marrow crises of 
hemolytic anemias, in whooping cough or in 
metastatic lesions of the bone marrow. 
Craver! states that ‘‘in this borderline zone 
occur the apparent recoveries from leu- 
kemia, and it is usual to say that if recovery 
occurs the disease could not have been 
leukemia. However, there would seem to be 
room for speculation as to whether leukemia 
may not in its early stage be a reversible 
process and in some cases it is most difficult 
to decide whether to call the process true 
leukemia.” 

The onset of the disease in our case with 
oral symptoms which sent our patient first 
to his dentist is characteristic of monocytic 
leukemia in the experience of Forkner.” The 
progression of oral infection to the state of 
noma is seen in leukemia (Kracke*.) The 
anemia and splenic enlargement are addi- 
tional features. The platelet count of over 
200,000 will be considered not in keeping 


Fic. 5. Showing healing of the erosion in Figure 4. 


with an acute leukemia. By the method 
used we consider this a definite thrombo- 
cytopenia though it still is higher than 
many instances of acute leukemia. Finally, 
the diagnosis of leukemia depends upon the 
demonstration of leukemic cells in the 
peripheral blood, bone marrow or by 
infiltration into other organs. The peripheral 
blood and bone marrow were examined on 
innumerable occasions and our diagnosis 
rests upon the bone marrow invasion by 
abnormal monocytic cells (Figs. 1 and 2) 
which also were present as indicated in 
Figure 3 in the peripheral blood. In the first 
weeks of the disease the clinical and 
hematologic picture indicated an ominous 
prognosis and this was concurred in by 
Dr. Raphael Isaacs who saw this patient 
with us. 

Since the etiology of leukemia is unknown, 
any explanation for recovery in a given case 
becomes a matter of speculation. However, 
there are certain clinical similarities be- 
tween the natural course of events in acute 
leukemia, in acute agranulocytosis and in 
acute aplastic anemia. These similarities 
are seen in the manifestations of sepsis. It is 
now generally held that the absence of 
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granulocytes in acute agranulocytosis per- 
mits the rapid development of sepsis and 
accounts for the fatal outcome in many of 
these cases. Accordingly we postulate that 
death in acute leukemia may be due not to 
the presence of abnormal cells but to the 
absence of normal cells. In acute leukemia the 
disruption of the bone marrow and subse- 
quently of the peripheral blood may be 
caused by some agent whose action is less 
permanent than has been usually assumed. 
It is conceivable that if the body defenses 
could be tided over such an insult long 
enough, normal bone marrow function 
could be resumed and recovery result. 
Accordingly, it is our speculation in this 
case, that an early diagnosis, unusually 
efficient nursing care, general supportive 
measures, many blood transfusions, and 
chemotherapeutic and surgical attack on the 
oral infection were effective in maintaining 
the body defenses until the bone marrow 
recovered from the insult which produced 
that cellular reaction we call leukemia. The 
report of Kugel and Schnitker‘* of the con- 
trol of severe granulocytopenia’in a case of 
aleukemic leukemia by the use of penicillin 
gives support to the concept that the course 
of this disease may be modified favorably by 
agents which control sepsis, even though in 
their case death was the final outcome. 
Mention should be made of the use of 
sternal bone marrow transfusions. Because 
the prognosis seemed ominous at the outset 
of our treatment it was thought advisable 
on the recommendation of Dr. Raphael 
Isaacs to give transfusions of small amounts 
of bone marrow aspirated from young 
healthy donors directly into the sternal 
marrow of the patient. This procedure had 
been recommended earlier by Morrison 
and Samwick.® It was not anticipated that 
this or any other measure would alter the 
course of the disease. With the recovery of 
our patient it becomes necessary to evaluate 
this »ocedure. We have tried this method 
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Fic. 6. The appearance of the face at the present 
time. The scars of the noma and the secondary paro- 
titis can be seen. 


of treatment in four other patients, two with 
acute monocytic leukemia and two with 
acute myelogenous leukemia without suc- 
cess. It is only fair to mention that these 
patients were all seen late in the course of 
their disease, and perhaps they did not 
receive as intensive treatment as the present 
case. One may still speculate that normal 
human bone marrow contains something 
which is necessary for the normal develop- 
ment of white blood cells and that this 
substance is lacking in acute leukemia. 
Further use of bone marrow transfusions of 
bone marrow will be necessary to determine 
its value in the treatment of acute leukemia. 

The prognosis in acute leukemia has been 
so poor that an attitude of hopelessness has 
naturally developed, as a result of which 
often no attempt is made along therapeutic 
lines. With large pools of blood readily 
available now, and with chemotherapeutic 
agents, such as sulfa drugs, penicillin and 
other antibiotics to combat infection, it is 
to be hoped that more instances of recovery 
will be noted. The prospects for such 
recovery depend, at the moment and until 
more is known about the etiology of the 
disease, first upon an early and accurate 
diagnosis, and second, upon an attitude of 
optimism which is translated into an active 
and intensive attempt to prevent the com- 
plications of the disease, i.e., sepsis and 
hemorrhage. 
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CONCLUSIONS 


1. A case of acute monocytic leukemia 
with noma is reported. 

2. The patient has been clinically well 
and the peripheral blood and bone marrow 
normal for over four years. 

3. Treatment consisted of symptomatic 
care, many blood transfusions, (twenty in 
sixty days), chemotherapeutic and surgical 
attack on complicating infections, and nine 
transfusions of normal sternal bone marrow 
during the height of the disease. 

4. It is suggested that monocytic leu- 
kemia may not be as universally fatal as 
previous experience has indicated. 


5. Early diagnosis and intensive treat- 
ment directed to prevent the complications 
of the disease may confirm this statement. 


REFERENCES 


. Craver, L. F. Treatment of Leukemia. Kracke’s 
Diseases of the Blood. 2nd ed., p. 415.!Philadelphia, 
1941. J. B. Lippincott Co. 

. Forxner, C. E. Clinical and pathological differentia- 
tion of the acute leukemias. Arch. Int. Med., 55: 1, 
1934. 

. Kracke, R. R. Diseases of the Blood. 2nd ed., pp. 
428-429. Philadelphia, 1941. J. B. Lippincott Co. 

. Kucer, V. H. and Scunitxer, M. A. The value of 
penicillin in the control of sepsis complicating a case 
of severe granulocytopenia (aleukemic leukemia). 
Ann. Int. Med., 23: 1001, 1945. 

. Morrison, M. and Samwick, A. A. Intcamedularry 
(sternal) transfusion of human bone marrow. 7. A. 
M. A., 115: 1708, 1940. 


AMERICAN JOURNAL OF MEDICINE 


1 
2 \w 
3 
4 
5 


Editorial 


Mechanisms of Edema Formation 


EGULATION of the water balance of 
the body and of the distribution of 
fluids within the body involves 

mechanisms which investigations of recent 
years have disclosed to be more complex 
than was previously supposed. The results 
of some of these studies have been sum- 
marized recently in two lucid and informa- 
tive reviews. !? 

Water normally constitutes about 70 per 
cent of the adult body weight and this 
proportion ordinarily is maintained with 
remarkable efficiency by a balance between 
total water intake and output. Of the aver- 
age daily total intake of 2,400 Gm. of 
water, about half is taken as water or other 
beverage, 900 Gm. as preformed water of 
food and 300 Gm. is water of oxidation 
formed in the body during the metabolism 
of foodstuffs. Of the average daily total 
output, about 1,300 Gm. of water are 
excreted in the urine, 200 Gm. in the stools 
and 900 Gm. are lost through the skin and 
lungs (‘‘insensible loss’’). It will be noted 
that a large proportion both of the water 
taken in and excreted is not readily measur- 
able by ordinary methods and is not con- 
sidered in the common bedside practice of 
estimating water balance by comparison of 
urinary Output with fluid intake. Sunder- 
man points out the fallaciousness of such 
comparisons, which so often give dis- 
crepant results even if apparently complete 
twenty-four hour urine specimens have been 
collected. Daily measurement of the body 
weight usually gives a more satisfactory 
approximation of gross positive or negative 
fluctuations in water balance. 


' SUNDERMAN, F. W. Approaches to the study of edema 
and dehydration. Am. 7. Clin. Path., 16: 353, 1946. 

2 Appott, W. E. A review of the present concepts of 
fluid balance. Am. 7. M. Sc., 211: 232, 1946. 
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The body water may be regarded con- 
veniently as divided into an intracellular 
component comprising about 45 per cent 
of the body weight, and extracellular com- 
ponents comprising about 25 per cent of 
the body weight. Of the extracellular por- 
tion, about 80 per cent normally is found 
in the interstitial fluids and 20 per cent is 
contained within the walls of the vascular 
bed. The interstitial and the intravascular 
fluids are in dynamic equilibrium, with a 
constant interchange of water, electrolytes 
and non-electrolytes across the capillary 
membrane. In edema, the regulation of this 
equilibrium is disturbed and an excessive 
amount of fluid accumulates in the inter- 
cellular spaces. 

Sunderman has divided the various causes 
of edema into the following categories: 
(A) primary retention of water (water in- 
toxication); (B) primary retention of salt 
(as in overadministration of salt, adrenal 
cortical and gonadal hormones); (C) reduc- 
tion of colloid osmotic pressure (hypopro- 
teinemia) due to inadequate protein intake, 
impaired synthesis of serum albumin or 
excessive loss of proteins through the kidney 
or other channels; (D) general or local 
increases in capillary blood pressure (conges- 
tive cardiac failure or mechanical obstruc- 
tion to veins); (E) blockage of lymphatic 
return of protein-containing tissue fluid. 

Investigation of the mechanisms of edema 
has resolved itself largely into analysis of the 
factors influencing the exchange of water, 
electrolytes and non-electrolytes across the 
capillary wall and of those regulating 
glomerular filtration and tubular reabsorp- 
tion of water. The hydrostatic pressure 
within the capillary bed and the permea- 
bility of the capillary membrane are impor- 
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tant factors in the movement of fluid from 
vascular channels into the interstitial spaces. 
The colloid osmotic pressure of serum 
albumin and the tissue tension of subcu- 
taneous elastic tissue are the most significant 
forces in maintaining fluid within the con- 
fines of the capillary bed. 

Starling’s concept of a simple equilibrium 
between hydrostatic and colloid osmotic 
pressures effecting a filtration balance at 
the capillary wall has been borne out, in 
general, by clinical investigation and animal 
experiment. The recent work of Keys and 
his associates,* however, has disclosed dis- 
crepancies in this relation. In a study of 
famine edema, which reappeared on a large 
scale in World War 1, Keys placed thirty- 
four volunteers for six months on a semi- 
starvation diet of whole cereals, potatoes, 
turnips, etc., providing an average of 
49 Gm. of protein daily. The subjects 
developed typical famine edema resembling 
that observed in certain war areas. They 
lost an average of one-fourth of their body 
weight and became “waterlogged,” with a 
relative excess of sixteen pounds of extra- 
cellular water per man. Like the victims of 
starvation abroad, the experimental sub- 
jects also showed marked polyuria, brady- 


Keys, A., Taytor, H. L., Nicke.sen, O. and HEN- 
SCHEL, A. Famine edema and the mechanism of its 
formation. Science, 103: 669, 1946. 


Editorial 


cardia and diminution of heart size, no 
hepatomegaly and no rise in plasma non- 
protein nitrogen or chloride. In accord with 
previous observations, there was no indica- 
tion that edema was due to renal or cardiac 
failure, the venous pressure, in fact, being 
reduced. Thiamine deficiency was ruled 
out by analyses of food and excreta. 

An unexpected result of this study, how- 
ever, was the finding that, contrary to 
earlier observations, the development of 
edema was accompanied by only a slight 
decline in the concentration of plasma pro- 
teins, averaging 0.73 Gm. per 100 cc., and 
by no marked hypoalbuminemia. The 
slight degree of hypoproteinemia or lowered 
colloid osmotic pressure in the plasma 
observed clearly could not account for the 
appearance of marked edema. The dis- 
crepancy was all the more striking because 
it was noted consistently in the subjects of 
this carefully controlled experiment. 

Keys interpreted his data to indicate 
that the fluid balance between blood plasma 
and interstitial fluid does not reflect a simple 
equilibrium of the kind generally postulated. 
He concludes that there is a dynamic non- 
equilibrium state of the capillary wall and 


implies transfer activities of the lining 
endothelium which have yet to be clarified. 
A. B. G. 
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SEARLE 
AMINOPHYLLIN 


For more convenient and effective rectal administration 
of Aminophyllin,** Searle Research has produced 


AMINOPHYLLIN SUPPOSICONES 
(SEARLE BRAND OF AMINOPHYLLIN SUPPOSITORIES) 


Differing from all other types of suppositories, 

Searle Aminophyllin Supposicones are molded with a new base 
material which liquefies rapidly in the rectum, permitting 

complete absorption of the Aminophyllin, but which remains stable 
and solid at temperatures up to 130° F. outside the body. 


Searle Aminophyllin Supposicones are non-irritating to the 
rectal mucosa—require no anesthetic—are of 

proper size and shape for easy insertion and retention. 
Each Aminophyllin Supposicone contains 500 mg. 

(72 grs.) Searle Aminophyllin. Packaged in boxes of 12. 


*Searle Aminophyllin contains at least 80% of anhydrous theophyllin 
Supposicones is the registered trademark of G. D. Searle & Co. Chicago 80, Illinois 
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efficient, danaenselye / treatment of 
ulcerative 
colitis with 


ulfathalidine 


Phthalylsulfathiazole 


fii: nontoxic, low-dosage, enteric sulfonamide is excep- 
tionally effective against acute and chronic ulcerative colitis, and recently 
proved successful in the treatment of 76 out of 80 patients! with this disease. 
After therapy with the drug, stools become formed and odorless, blood in 
stools disappears, cramping in abdomen subsides within 48 hours, and 
evacuations are reduced substantially.? 

*“SULFATHALIDINE’ phthalylsulfathiazole is indicated also 
in the treatment of regional ileitis, as a supplement to the therapy of amebiasis, 
giardiasis and paratyphoid infections, and as an adjunct to intestinal surgery, 


“SULFATHALIDINE’ phthalylsulfathiazole maintains a high 
bacteriostatic concentration in the gastrointestinal tract (1250 mg. per cent). 
An average of only 5% of the drug is absorbed from the bowel and this is 
rapidly excreted by the kidneys. Administered in daily doses of only 0.05 Gm. 
to 0.1 Gm. per kilogram of body weight. Supplied in 0.5-Gm. compressed tab- 
lets in bottles of 100, 500 and 1,000. Sharp & Dohme, Philadelphia 1, Pa. 


1. J.A.M.A. 129:1080, Dec. 15, 1945 Ep 
2. Illinois M. J. 88:85, August, 1945 
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HYPOCHROMIC 
ANEMIA 


DMINISTRATION of a// the factors known to 
aid restoration of the hemoglobin level 

may be expected to produce more rapid hem- 
atopoiesis when excessive blood loss, blood 
destruction, or increased demand upon blood- 
forming organs results in secondary anemia. 


Livitamin presents specific principles for 
treatment or prevention of hypochromic ane- 
mia: iron for the synthesis of hemoglobin, liver 
extract to supply the erythrocyte-maturing 
factor,and B vitamins to correct the usual 
deficiency and enhance iron utilization. 


Supplied in a palatable, easily administered 
liquid form, Livitamin is indicated not only in 
secondary anemia, but also prophylactically 
during pregnancy and lactation, in preparation 
for elective surgery, and to hasten recovery 
after infection, prolonged illness, or surgery. 


LIVITAMIN 


Each fluidounce of Livitamin presents: 


Fresh Liver (as Liver Concentrate)............ 
Thiamine Hydrochloride (B,)................ 3 mg. 
Riboflavin (Bo, G 

Nicotinamide (Niacinamide) 

Pyridoxine Hydrochloride (Bs) 

Pantothenic Acid 


Contains the vitamin-B-complex factors naturally occurring 
in liver and rice bran, fortified with synthetic Bi, niacina- 
mide, Bz, Bc, pantothenic acid and with iron and manganese. 
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AT EVERY SEASON 


Taken cold during the summer months or 
hot during the wintertime, the delicious 
food drink made by mixing Ovaltine with 
milk provides a wealth of essential nutri- 


ents in readily digested and assimilated 
form. Its delicious taste makes it enjoyable 
at every season. As a supplement to an 
inadequate diet, in the correction of the 
milder forms of malnutrition, or when the 
intake of all essential nutrients must be 
augmented, it makes a worth-while con- 
tribution, as indicated by its balanced com- 


THE WANDER COMPANY, 360 NORTH 


position shown in the table below. This 
dietary supplement provides biologically 
adequate protein, readily utilized carbo- 
hydrate, highly emulsified fat, ascorbic 
acid, B complex and other vitamins, and 
the essential minerals calcium, phosphorus, 
iron and copper. Its low curd tension 
makes for rapid gastric emptying and easy 
digestibility. It is relished by both chil- 
dren and adults, and is unusually accept- 
able either as a mealtime beverage or with 
between meal snacks. 


MICHIGAN AVENUE, CHICAGO 1, ILL. 


Three servings daily of Ovaltine, each made of 
Ya oz. of Ovaltine and 8 oz. of whole milk,* provide: 


CALORIES 


CARBOHYDRATE 
CALCIUM 


VITAMIN A 
VITAMIN By 
RIBOFLAVIN 
NIACIN 

VITAMIN C 
VITAMIN D 
COPPER 


*Based on average reported values for milk. 
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This kind of arithmetic 


may put Johnny through college 


Here’s how it works out: 


$3 put into U. S. Savings Bonds today 
will bring back $4 in 10 years. 


Another $3 will bring back another $4. 
So it’s quite right to figure that 3 plus 
3 equals 8... or 30 plus 30 equals 80 
.. . or 300 plus 300 equals 800! 


It will... .in U.S. Savings Bonds. And 
those bonds may very well be the means 


of helping you educate your children as 
you'd like to have them educated. 


So keep on buying Savings Bonds — 
available at banks and post offices. Or 
the way that millions have found easiest 
and surest—through Payroll Savings. 
Hold on to all you’ve bought. 


You’ll be mighty glad you did... 
10 years from now! 


SAVE THE EASY WAY...BUY YOUR BONDS THROUGH PAYROLL SAVINGS 


Contributed by this magazine in cooperation 


with the Magazine Publishers of America as a public service 
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guards, compact life belts, instantly EA \ Gi 
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mon use. Similar belts are growing ih 
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... toafford an extra margin of safety. 


There is a margin of safety, too, well beyond optimal 


needs, in Vi-teens Homogenized Vitamins (especially palatable in 


milk, water, or formula). 


One Teaspoonful (5 cc) of Vi-teens Homogenized 
Vitamins contains the following: 


Vitamin A (from fish mee oils) 3000 U.S.P. Units 
Vitamin B: 1 Milligram 


Vitamin D 800 U.S.P. Units 


Niacinamide 4 Milligrams 
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First Point of Leverage 
in Subnutritional States 


Of the many dietary indiscretions 
which lead to subnutritional states, 
the all too common practice of break- 
fast skipping or skimping is among 
the most prevalent. Recent surveys 
indicate that a surprisingly large per- 
centage of the population partakes 
of a totally inadequate breakfast in 
the erroneous belief that this meal is 
unimportant or that little harm can 
accrue from the practice. 


That a state of good nutrition and 
consequently peak efficiency can 
hardly be maintained if the breakfast 
is not adequate is universally ac- 
knowledged. Hence the widely rec- 
ommended basic breakfast pattern 
which assures a good nutritional and 
metabolic start for the day, and makes 
unnecessary overburdening the other 
two meals in order to satisfy the daily 
nutrient needs. This breakfast pro- 
vides fruit, cereal with milk, bread or 


toast, butter, and beverage. The in- 
clusion of the cereal serving adds 
measurably to the nutrient values of 
this meal, providing biologically ade- 
quate protein, readily available caloric 
food energy, as well as B complex 
vitamins and essential minerals. The 
table of composite averages outlines 
the quantitative contribution made 
by a dish of 1 ounce of cereal (whole 
grain, enriched, or restored to whole 
grain values of thiamine, niacin, and 
iron), 4 ounces of milk, and 1 tea- 
spoonful of sugar: 


Calories 
7.1 Gm. 
Carbohydrate 

Calcium 

Phosphorus 


The presence of this seal indicates that all nutritional statements 
in this advertisement have been found acceptable by the Council 


on Foods and Nutrition of the American Medical Association. 
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Pleasing 


Gelu-cillin taste results 


in greater 
patient 
50,000 UNITS OF acceptance 


PENICILLIN PER TABLET 


GELU-CILLIN 
More tablets are singularly 
comfort during 
maintenance of 
penicillin 
blood levels 


free of the usual 
moldy odor and taste 
of most oral 


penicillins 


High potency 
provides greater 
convenience in 
day and night 
therapy 


Supplied in 
packages of 12 
hermetically sealed 
scored tablets 


WILLIAM R. WARNER & COMPANY, INC. + new york « st. Lours 
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